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My  dear  Faraday, 

To  you  I dedicate  tliis  attempt  to  place  amongst  the  elements 
of  science  the  great  discoveries  with  which  you  have  adorned  this  pro- 
lific age.  I know  that  you  will  not  be  displeased  that  I have  thought 
them  capable  of  being  made  the  subject  of  familiar  teaching. 

The  success  of  even  this  humble  effort,  should  I not  fail  In  my 
purpose,  will  be  owing  to  you ; for  to  your  kind  encouragement  and 
ever  ready  explanations  I -owe  the  facilities  which  I have  enjoyed  in 
following  you  closely  in  your  splendid  career. 

I must,  however,  be  careful  not  to  make  you  responsible  for  too 
much.  You  know  that  the  consequence  of  repeating  all  your  experi- 
ments has  been  that  I have  myself  been  led  to  experiment;  and  it  may 
be  that  I have  incorporated  with  your  views  speculations  of  my  own 
of  by  no  means  so  just  a nature.  My  unaffected  conviction  is,  that,  in 
what  I may  differ  from  you,  mine  will  be  found  to  be  the  error,  while 
yours  must  be  the  chief  credit  in  what  we  may  agree. 

But  whatever  you  may  think  of  my  philosophy,  I have  the  happi- 
ness to  fool  assured  that  you  will  not  lightly  regard  the  sentiment  of 
sincere  affection  with  which  I subscribe  myself, 

My  dear  Faraday, 

Your  faithful  Friend, 

.1.  FREDERIC;  DANIEI.L. 


PREFACE 


TO  THE  FIRST  EDITION. 


The  origin  of  the  following  work  was  a desire  to  present 
to  students  of  chemistry  an  elementary  view  of  thd 
discoveries  of  Dr.  Faraday  in  Electrical  Science.  From 
the  very  first  publication  of  his  Ewperimental  Researches 
in  Electricity,  I have  felt  that  from  them  Chemical  Philo- 
sophy will  date  one  of  its  most  splendid  epochs;  and 
perceiving,  at  the  same  time,  that  the  results  bear  upon 
them  the  great  impress  of  natural  truths,  namely,  that 
they  simplify  while  they  extend  our  views,  I have,  from 
the  first,  availed  myself  of  them  in  my  instruction  to  my 
classes.  I have  enjoyed  particular  advantages  in  doing 
this  from  the  kindness  of  the  discoverer,  for  in  every 
difficulty  which  arose,  he  has  assisted  me  with  his  expla- 
nation and  advice.  At  the  same  time,  when  consulted 
by  my  pupils  upon  the  best  mode  of  following  up  the 
oral  instruction  of  lectures  by  the  study  of  the  subject  in 
books,  as  they  must  do  who  intend  to  derive  benefit  from 
such  instruction,  I have  been  greatly  at  a loss  to  direct 
them. 

The  successive  memoirs  of  an  experimental  philoso- 
jdier,  who,  from  time  to  time,  communicates  his  views  as 
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they  open  out  to  him  during  the  progress  of  his  disco- 
veries, must  necessarily  be  better  adapted  to  the  study  of 
the  proficient,  than  to  the  instruction  of  the  beginner; 
and  long  periods  of  time  often  elapse  before  the  facts 
which  they  record  find  their  places  in  general  systems. 

After  some  solicitation  and  much  hesitation,  I deter- 
mined to  make  an  effort  to  supply  a want,  which,  I was 
perpetually  reminded,  was  urgent,  and  which  did  not 
appear  to  be  likely  to  be  soon  supplied  from  any  other 
quarter. 

Upon  considering  the  best  mode  of  carrying  this 
design  into  execution,  I became  convinced  that  the  great 
doctrine  of  “ Definite  Electro-chemical  Action,”  and  the 
laws  of  “ Electrolysis,”  could  not  be  simply  and  intelli- 
gibly stated  without  a preliminary  notice,  on  the  one 
hand,  of  the  force  of  local  affinity  and  the  laws  of 
definite,  multiple,  and  equivalent  proportions  in  chemical 
combination;  and,  on  the  other  hand,  of  the  force  of 
electricity  and  the  laws  of  electric  charge  and  discharge 
in  matter.  A clear  description,  again,  of  the  action  of 
heterogeneous  particles  upon  qach  other  requires  a dis- 
tinction, which  has  not  been  sufficiently  attended  to,  to 
be  drawn  between  Heterogeneous  Adhesion  and  Chemical 
Affinity;  and  it  is  impossible  now  to  treat  of  Electricity, 
without  describing  the  phenomena  of  its  constantly- 
associated  force  Magnetism. 

Thus,  I was  gradually  led  to  include  in  my  plan  such 
a preparatory  view  of  the  forces  which  may  be  said  to 
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concur  to  the  production  of  chemical  phenomena,  as  it 
is  absolutely  necessary  to  the  student  to  master,  who 
aspires  to  comprehend  the  Philosophy  of  Chemistry,  or 
anything  beyond  the  mere  manual  operations  of  practical 
chemistry. 

It  has  not  been  a part  of  my  design  to  construct  a 
system  or  manual  of  chemistry:  several  excellent  works 
already  exist,  which  render  such  an  undertaking  quite 
unnecessary;  but  I am  not  without  hope  that  the  fol- 
lowing pages  may  be  considered  as  a fit  preparation  for 
the  study  of  such  systems. 

In  executing  my  task,  it  has  been  my  aim  to  lead 
the  student  by  a more  natural  method, — that  is,  more 
gradually  from  the  known  to  the  unknown — than  that 
which  is  generally  adopted  in  our  elementary  books. 

In  short,  if  I shall  be  deemed  to  have  failed  in 
simplifying  and  facilitating  the  student’s  path  to  the 
comprehensive  science  of  chemistry,  I have  failed  in  the 
sole  object  of  my  undertaking. 

In  such  an  elementary  work,  I have,  of  course,  freely 
made  use  of  the  labours  of  others,  and  I regret  that  my 
limits  have  prevented  me  from  mentioning,  at  all  times, 
the  names  of  those  illustrious  philosophers,  either  living 
or  dead,  to  whom  we  are  indebted  for  the  observation  of 
phenomena,  and  the  fundamental  inductions  upon  which 
the  fabric  of  science  rests.  The  history  of  the  science 
of  chemistry  alone  would  fill  a volume.  I have,  however, 
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subjoined  a list  of  those  systematic  works  to  whose 
assistance  I have  been  most  indebted. 

I have  judged  it  best  in  the  arrangement  of  my  work, 
to  throw  all  the  graphic  illustrations  of  diagrams,  or  other 
figures,  into  the  form  of  notes;  and  the  explanation  and 
etymology  of  scientific  terms,  of  words  of  unfamiliar  use, 
and  of  words  to  which  it  is  desirable  that  the  student 
should  attach  more  definite  ideas  than  are  usually  sug- 
gested by  common  jDarlance,  I have  given  in  a Glossary. 
The  principal  facts  and  reasoning  of  the  text  will  thus 
be  uninterrujated  by  extraneous  matter,  which,  however 
important  as  a subsidiary  means  of  explanation,  might 
often  confuse  the  steps  of  the  induction;  and  those  who 
are  acquainted  with  the  terms  employed,  will  not  be 
delayed  by  definitions  which  they  do  not  need.  It  is, 
however,  a caution  which  cannot  be  too  strongly  im- 
pressed upon  every  student,  never  to  pass  over  a term 
which  he  does  not  understand,  without  seeking  its 
explanation. 

It  only  remains  for  me  now,  to  acknowledge  my 
obligations  to  my  friends  and  colleagues.  Professor  Wheat- 
stone and  Dr.  Todd,  for  their  great  kindness  in  under- 
going the  disagreeable  labour  of  revising  and  correcting 
the  proof  sheets.  They  have  thereby  prevented  many 
errors,  which  would  otherwise  have  deformed  the  work. 


POSTSCRIPT 

TO  THE  SECOND  EDITION. 


A CALL  for  a second  edition  of  the  Introduction  to  the 
Study  of  Chemical  Philosophy,  in  so  short  an  interval  of 
time,  having  induced  me  to  hope  that  my  purpose  in 
writing  it  has  been,  in  a great  measure,  fulfilled,  I have 
spared  no  pains  in  availing  myself  of  this  opportunity  of 
correcting  and  completing  it;  keeping  always  in  view  the 
design  of  leading  the  student  gradually  forward  from  the 
known  to  the  unknown,  and  of  teaching  him  to  take 
comprehensive  views  of  the  chemical  connexions  of 
physical  phenomena. 

The  principal  additions  which  have  been  made  to  the 
work  consist  in  the  elementary  application  of  Professor 
Ohm’s  formula  of  the  Electro-Motive  Force  and  Resist- 
ances in  the  Electrical  Current,  as  a guide  to  the  accurate 
expression  of  the  various  results  of  its  action;  the  intro- 
duction of  some  original  researches  upon  the  Electro- 
lysis of  Secondary  Compounds,  which  are  believed  to 
have  an  important  relation  to  the  theory  of  acids,  salts, 
and  organic  radicles;  and  an  attempt  to  furnish  a clue 
to  the  labyrinth  of  facts  which  are  generally  classed 
together  under  the  title  of  Organic  Chemistry,  but  which 
have  mostly  little  connexion,  except  in  name,  with  the 
chemistry  of  organized  beings. 
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Although  the  philosophy,  and  not  the  arts  of  chemistry, 
is  the  principal  object  kept  in  view  throughout,  some  of 
the  recent  wonderful  and  interesting  applications  of  the 
science  have  been  described;  and  the  principles  of  Pho- 
tography; of  Volta-typing;  of  Electro-Magnetic  Engines; 
and  particularly  of  the  Electro-Magnetic  Telegraph; 
have  been  explained  and  illustrated. 

But  I must  take  this  opportunity  of  repeating,  that 
this  work  is  not  meant  to  furnish  details  of  manipulation, 
or  particulars  of  construction  which  are  to  be  found  in 
the  many  excellent  works  upon  chemistry  which  now 
abound,  and  still  less  to  compete  with  the  systems  and 
manuals  which  have  been  happily  published  by  so  many 
of  our  first  masters  of  the  science;  but  it  is  designed 
rather  as  a preparation  for  the  useful  study  of  those  more 
comprehensive  works.  It  is,  in  short,  only  as  its  title 
indicates,  An  Introduction  to  the  Study  of  Chemical 
Philosophy,  and  a Preparatory  View  of  the  Fm'ces  which 
concur  to  the  Production  of  Chemical  Phenomena,  and  as 
such  it  is  hoped  that  it  may  be  received  and  judged. 

To  the  number  of  those  who  have  aided  me  in  this 
labour,  I must  not  omit  to  add  my  friend  Dr.  W.  A. 
Miller,  to  whose  valuable  assistance  I have  been  greatly 
indebted  in  this  new  edition. 

.T.  F.  D. 


King's  College,  London, 
January,  1843. 
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INTRODUCTION  TO  CHEMISTRY. 


I.  MATTER  AND  FORCE. 

§ 1.  Experience,  or  the  repeated  evidence  of  our 
senses,  and  the  irresistible  persuasion  of  the  mind  that  ‘^^like 
causes  will  ever  produce  hke  effects,”  constitute  the  sound 
foundation  of  natural  knowledge*. 

The  convictions  arising  from  these  impressions  hav^e  directed 
the  intellect  of  man,  in  all  ages  and  in  all  stations,  to  control  the 
powers  wdiich  have  been  imparted  to  the  material  universe  to 
his  own  advantage ; the  maintenance  of  a bare  existence  in 
savage  life  being  dependant  upon  them  no  less  than  the  polished 
arts  of  civihzed  society.  It  is  strange,  however,  to  remark  how 
long  a time  elapsed,  even  in  a state  of  high  intellectual  culture, 
before  it  w'as  discovered  that  the  same  principles  which  teach 
the  mere  child  that  fire  will  burn,  that  water  will  flow^,  and  that 
a moving  stone  w'ill  inflict  a blow,  and  to  guide  his  conduct 
accordingly,  would  lead  to  that  higher  acquaintance  wdth  the 
powders  of  nature,  which  we  distinguish  by  the  title  of  natural 
philosophy.  The  powers  of  reason  had  been  exercised  wdth 
success  upon  abstract  science  for  ages  before  the  voice  of  Bacon 
proclaimed,  and  insisted  earnestly  upon,  the  advantages  of 
extending  experience  by  experiment,  and  of  adopting  the  accu- 
rate observation  oi  phenomena,  as  the  only  safe  guide 'm  physical 
investigations ; but  from  the  moment  that  this  course  was 
entered  upon  by  the  patient  student  of  nature,  natural  science 

* Some  eminent  philosophers,  however,  maintain  that  the  whole  of  our 
knowledge  is  not  a mere  collection  of  deductions  from  experience,  but  that 
there  are  ideas  of  which  the  mind  has  a perception,  and  propositions  of  which 
we  have  a conviction,  antecedent  to  experience;  that  there  are  certain  general 
and  universal  propositions  in  science  of  which  we  have  an  innate  conception. 
But  it  has  been  well  observed,  that  this  opposition  of  views,  after  all,  may  be 
only  apparent;  for  whether  certain  tniths  have  been  originally  impressed 
upon  our  intellectual  being,  capable  of  being  called  forth  by  circumstances, 
or  whether  our  minds  have  been  originally  so  constructed  as  to  be  most 
permanently  stnick  by  those  analogies  amongst  natui-al  things  which  are 
really  dependent  upon  their  nature,  as  that  nature  is  known  to  their  Creator, 
the  mind  of  man,  on  either  view  of  the  subject,  is  represented  as  in  harmony 
with  universal  nature,  and  therefore  capable  of  attaining  real  knowledge. 
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has  advanced  with  a constantly  accelerating  progress,  extending 
the  power  of  mind  over  the  forces  pertaining  to  matter  in  a 
corresponding  degree. 

It  deeply  concerns  the  student  who  proposes  to  himself  to 
enter  upon  any  branch  of  such  investigations,  that  he  should 
have  a right  perception  of  these  truths ; that  he  should  correctly 
distinguish  the  difference  between  abstract  and  natural  science, 
and  clearly  perceive  the  road  along  which  his  course  must  tend. 

Tlie  contrast  of  these  two  great  divisions  of  science  has  been 
forcibly  represented  by  one  of  the  living  masters  of  both. 
clever  man,^^  Sir  John  Herschel  has  observed*,  ‘^shut  up  alone, 
and  allowed  unhmited  time,  might  reason  out  for  himself  all  the 
truths  of  mathematics,  by  proceeding  from  those  simple  notions 
of  space,  and  number,  of  which  he  cannot  divest  himself,  with- 
out ceasing  to  think ; but  he  could  never  tell,  by  any  effort  of 
reasoning,  what  would  become  of  a lump  of  sugar,  if  immersed 
in  water ; or  what  impression  wotdd  be  produced  on  the  eye  by 
mixing  the  colours  yellow  and  blue.” 

§ 2.  Experience,  then,  must  be  his  guide ; not  the  mere 
passive  experience  of  observation,  but  the  active  experience  of 
experiment:  that  is,  he  must  not  only  carefully  observe 
mena  as  they  spontaneously  present  themselves  to  him  in  the 
ordinary  course  of  nature,  but  he  must  purposely  contrive  and 
vary  circumstances,  in  order  that  he  may  obseiwe  them. 

To  personal  experience  he  must  also  add  the  well-attested 
experience  of  others ; and  the  experience  of  past  ages,  as  well  as 
of  the  present ; and  as  by  following  this  course  the  generahty  of 
mankind  attain  to  such  an  acquaintance  ■with  the  properties  of 
matter  as  ensures  their  comfortable  existence,  with  which  sensual 
object  they  are  content ; so  he  has  but  to  persevere  in  the  same, 
and  it  will  lead  him  to  that  intimate  knowledge  of  the  order  of 
creation,  which  constitutes  science,  and  which  is  an  object  of 
ambition  worthy  of  a rational  creature. 

The  immediate  wants  of  their  nature  early  taught  the  human 
race  to  direct  the  agency  of  heat  to  their  supjjly ; and  the  accu- 
mulated experience  of  ages,  widely  diffused,  has  given  the  most 
unreflecting  a command  over  that  principle  which  strongly  con- 
trasts with  the  general  ignorance  concerning  the  no  less  general 
and  powerful  principle  of  electricity,  the  very  existence  of  which 
could  scarcely  be  said  to  have  been  recognised  till  within  the 
* Herschel’s  Discourse  on  Natural  Philosophy,  p.  76. 
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last  century.  When  well-directed  observation  shall  have  been 
brought  to  bear  upon  this  all-pervading  power,  as  upon  the 
former,  it  is  scarcely  possible  to  indulge  too  sanguine  hopes  of 
the  practical  advantages  which  may  flow  from  such  extended 
knowledge.  The  forces  of  nature,  indeed,  are  the  powerful,  but 
submissive,  servants  of  man ; and  through  their  agency  he  has 
been  endowed  vflth  a subordinate  power  of  creation ; but  their 
respective  actions  have  been  limited  by  laws  which  cannot  be 
transgressed;  and  in  a knowledge  of  these  limits  consists  the 
secret  of  their  application. 

§ 3.  There  are  two  great  mistakes  whieh  are  commonly 
committed  by  those  who  enter  upon  a systematic  course  of  phy- 
sical inquir}' ; and  not  only  by  those  who  are  commencing,  but 
by  those  who  undertake  to  direct,  such  studies  : the  first  is,  the 
neglecting  to  form  a proper  connection  with  previously  acquired 
knowledge, — the  undervaluing  the  results  of  their  ordinary 
experience  as  parts  of  the  system, — as  the  first  rounds  of  that 
intellectual  ladder  by  which  they  aspire  to  scale  the  loftier 
heights  of  philosophy ; and  the  second  is,  the  substitution  of 
names  for  things, — the  vague  acquirement  of  certain  terms, 
certain  forms  of  expression,  instead  of  a real  understanding  of 
objects  and  principles  to  which  they  have  been  applied : — 
terms  of  ignorance,  and  of  superficial  contemplation,^^  as  Lord 
Bacon  calls  them. 

The  process  may  be  repulsive  to  the  too  common  self-suffi- 
ciency of  imperfect  knowledge,  but  when  invited  to  reflect  and 
reason  upon  the  simple  observations  of  childhood  (simple  indeed, 
but  not  more  easy  than  those  which  he  will  be  called  upon  pro- 
gressively to  make),  the  student  ought  to  feel  no  more  offence 
than  when  in  the  outset  of  his  geometrical  studies  he  is  referred 
to  the  axioms,  or  self-evident  truths,  that  ‘^things  equal  to  the 
same  are  equal  to  one  another,^’  and  the  whole  is  greater  than 
its  parts.”  It  is  from  the  known  that  he  must  ascend  to  the 
unknown,  and  it  is  all-important  that  he  make  his  footing  sure, 
and  miss  no  step  by  the  way. 

§ 4.  Something  more,  indeed,  is  necessary  than  the  mere 
observation  of  phenomena ; there  must  be  a process  of  reflection 
upon  the  evidence  of  our  senses : — the  foundation  must  be 
crowned  with  a superstructure  of  thought  and  reason. 

Professor  Whewell,  in  his  recent  History  of  the  Inductive 
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Sciences,  has  accurately  remarked*,  that  “ two  things  are  requi- 
site to  the  formation  of  science ; — facts  and  ideas ; observation 
of  things  without,  and  an  inward  effort  of  thought ; or,  in  other 
words,  sense  and  reason.  Neither  of  these  elements,  by  itself, 
can  constitute  substantial  general  knowledge/^  It  is  owing  to  a 
defect  in  this  mental  process  that  different  arts  have  often 
attained  to  a considerable  degree  of  perfection  long  before  they 
could  be  said  to  form  parts  of  a general  structure  of  science. 
The  chemical  arts  of  glass-making,  metallurgy,  dyeing,  and 
many  others,  were  known  to  the  ancient  Egyptians,  who, 
probably,  were  utterly  ignorant  of  the  principles  of  chemical 
philosophy. 

The  aim  of  the  student  then  must  be  not  only  to  obtain 
distinct  facts,  but  clear  ideas  of  the  connection  of  those  facts. 
Now  it  is  by  processes  of  thought,  and  operations  of  mind, 
which  are  quite  familiar,  that  the  observations  of  experience 
and  experiment  are  connected  into  the  order  and  structure 
of  science ; for  fhe  principles  of  natural  philosophy  are  but  the 
principles  of  common  sense. 

In  the  ordinary  occurrences  of  life  we  are  struck  vdth  some 
appearances, — some  phenomena  we  may  call  them, — which  are 
out  of  the  ordinary  course  of  our  experience : the  mind  imme- 
diately suggests  the  familiar  inquiry,  “ What  can  these  be  ?” 
We  form  a conjecture,  and  we  try  whether  the  supposition  wiU 
include  all  the  circumstances  of  the  case;  we  reject  it,  and  we 
guess  again ; and  we  proceed  in  this  tentative  method  tiU  our 
reason  is  satisfied  that  we  have  taken  a right  view  of  the  sub- 
ject. The  formal  course  of  philosophy  differs  not  from  this. 

Amongst  a variety  of  facts,  or  phenomena,  collected  together 
as  having  some  general  resemblance  or  connection  with  each 
other,  some  governing  principle  is  sought,  which  may  apply 
successfully  to  the  explanation  of  all  their  varieties ; — supposi- 
tions, guesses,  or  hypotheses,  are  first  attempted;  some  with 
greater,  some  with  less  extent,  but  all,  perhaps,  without  success; 
each  after  each  failing  in  the  solution,  for  want  of  generality  and 
comprehensiveness ; till  at  length,  after  infinite  labour  on  the 
part  of  the  inquirer,  the  law  is  evolved;  or  a governing  prin- 
ciple which  combines  all  together  in  one  comprehensive  view, 
or  theory.  When  by  this  simple,  but  laborious  process  of 
induction,  the  mind  has  once  been  led  up  to  such  laws  of  nature, 
they  are  found  to  be  distinguished  by  their  exceeding  simplicity 
* Whkwell’s  History  of  the  Induotive  Sciences,  vol.  i.  p.  6. 
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both  of  form  and  essence.  When  theories,  however,  are  firmly 
estal)lished  and  recognised  as  indisputably  true,  so  as  to  require 
no  conscious  act  of  thought  in  their  application,  they  become 
facts,  and  as  such  may  enter  into  the  foundation  of  more  com- 
prehensive theories. 

The  full  force  and  range  of  the  application  of  the  laws  of 
nature  are,  however,  only  manifested  when,  subsequently  to 
their  discovery  by  this  inductive  process,  they  are  employed  in 
the  converse  process  of  deduction,  to  resolve  the  various  cases 
which  were  originally  proposed  to  be  determined,  and  are  found 
to  include  under  their  government  not  only  these,  but  a host  of 
others,  which  were  not  contemplated  in  the  first  investigation. 
It  is  then  that  the  most  ignorant  and  simple-minded  are  capable 
of  understanding  what  is  thus  rendered  most  self-evident ; and 
the  multitude  of  such  governing  principles,  so  established  and 
registered  in  her  archives,  constitutes  the  great  advantage  of 
modern  science. 

§ 5.  In  framing  the  hypotheses,  or  suppositions  which 
commonly  precede  the  discovery  of  the  real  laws  and  true 
theory  of  phenomena,  there  is  one  useful  guide  which  is  so 
often  referred  to  as  to  render  it  expedient  to  explain  its  nature 
and  appellation,  and  that  is  analogy,  or  similitude.  Design  soon 
becomes  apparent  in  the  order  of  creation ; and  this  design,  as 
far  as  our  limited  faculties  can  trace  it,  is  uniform ; and  in  the 
system  of  the  universe,  every  part  is  doubtless  proportioned  to 
the  whole.  No  intelligence  but  that  of  Omniscience  can 
comprehend  the  plan — the  theory  of  the  universe:  but,  from 
the  plan  of  such  small  portions  as  have  been  mastered,  we  are 
often  enabled,  successfully,  to  anticipate  the  order  of  other 
portions,  and  thus  to  obtain  a guide  to  experiment,  to  which 
the  ultimate  appeal  must  always  be  made.  Analogy,  therefore, 
may  serve  to  suggest  and  limit  hypotheses ; and  of  such  con- 
ditional speculations  we  have  the  highest  authority  for  saying, 
that  “a  facility  in  framing  them,  if  attended  with  an  equal 
facility  in  laying  them  aside  when  they  have  served  their  turn,  is 
one  of  the  most  valuable  qualities  a philosopher  can  possess*.^’ 
But,  after  aU,  the  mind  must  not  be  allowed  to  rest  upon  any 
hypothesis  as  disclosing  the  real  cause  of  the  phenomena  which 
it  explains ; for  this  would  prevent  any  effort  to  search  for  any 
other,  and  perhaps  the  true  cause.  The  history  of  science 

* IIerschel’s  Discourse. 
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abounds  with  warnings  of  this  error.  In  fact,  it  must  be 
remembered  that  it  is  not  the  province  of  science  to  study 
causes  of  phenomena  or  the  mode  of  their  production;  the 
legitimate  use  of  hypothesis  is  to  furnish  a bond  or  cement 
which  may  unite  a number  of  insulated  facts,  which,  thus 
united,  are  often  capable  of  indicating  new  phenomena. 

§ 6.  Now,  to  apply  these  few  plain  principles  to  our  pre- 
sent purpose: — With  regard  to  precision  of  terms,  the  mere 
enunciation  of  the  object  of  the  following  pages  will  afford  us  an 
opjDortunity  of  exemplifying  and  enforcing  our  meaning;  it  is  an 
inquiry  into  the  forces  or  powers  of  matter.  Let  us 
endeavour  to  ascertain  and  define  the  meaning  of  the  expressions 
MATTER  and  force:  the  words  are  of  common  occurrence; 
but  have  we  that  distinct  notion  of  them,  those  clear  ideas  con- 
cerning their  import,  which  it  behoves  us  to  have,  in  the  strict 
and  accurate  investigation  upon  which  we  are  about  to  enter? 

§ 7-  Our  first  knowledge  of  matter  is  derived  from  our 
touch:  a consciousness  of  resistance  in  surrounding  objects  to 
this  sense  with  which  our  bodies  have  been  endowed,  impresses 
us  with  a conviction  of  their  substance, — of  their  extension, — 
of  their  impenetrability, — of  their  power,  that  is,  to  exclude 
every  thing  of  the  same  kind  from  being  in  the  same  place. 
This  tactile  property  is  possessed  by  different  parts  of  the  skin, 
in  very  different  degrees;  and  some  parts  of  the  body,  from 
their  jDeculiar  organization,  are  capable  of  much  more  delicate 
impressions  from  objects  with  which  they  may  be  placed  in 
contact  than  others.  With  regard  to  extension,  for  instance, 
it  appears  from  the  experiments  of  Weber,  that  the  tips  of  the 
fingers,  or  the  tongue,  are  capable  of  appreciating  the  distance 
between  the  points  of  a pair  of  compasses  which  are  only  one 
line  apart;  while  the  arm  or  the  thigh  would  confound  the  two 
impressions  together,  even  at  the  distance  of  thirty  lines.  Those 
whose  touch  has  been  educated  by  jiractice  can  rule,  by  their 
feeling,  fine  linear  divisions  which  are  totally  inappreciable  to 
the  most  experienced  eye. 

Some  philosojjhers  have  maintained  that  the  sense  of  touch 
alone  is  not  sufficient  to  convey  the  conception  of  form  or 
extension;  but  that  to  this  is  superadded  a sixth  sense,  which 
they  have  termed  the  muscular  sense:  that  is,  the  conscious 
exertion  by  which  we  move  our  limbs.  Thus  we  ascertain  the 
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form  and  position  of  bodies,  by  perceiving  the  course  which  the 
fingers  take  in  order  to  follow  the  surface  of  the  body,  or  to 
pass  from  one  jDoint  to  another.  The  muscles  of  the  body,  no 
doubt  are,  in  this  respect,  auxiliary  to  our  senses,  but  that  can 
scarcely  be  deemed  a new  sense,  which  is  incapable  of  perform- 
ing its  functions  alone. 

Different  degrees  of  resistance  may  even  inform  us  of  the 
different  states  in  which  matter  exists:  a touch  will  satisfy  us 
that  the  parts  of  some  bodies  are  immovable  amongst  each 
other;  that  the  particles  of  others  are  movable  with  little  resist- 
ance; while  the  passing  breeze  of  air  will  comfince  us  that 
matter  exists  in  a form  which  yields  to  the  lightest  breath.  A 
httle  reflection  upon  our  sensations  may  thus  establish  a differ- 
ence betn^een  solid,  liquid,  and  aeriform  matter.  Experience, 
again,  and  the  oft-repeated  experiments,  it  may  be  said,  of 
infancy,  teach  us  to  combine  observations  of  touch  with  those 
of  sight  and  hearing;  and  thus  we  learn  to  substitute  the  indi- 
cations of  one  sense  for  those  of  another,  and  to  judge  of  distant 
forms  of  matter. 

If  we  be  curious  to  know  what  matter  is,  we  plunge  at  once 
into  that  deep  which  surrounds  us  on  every  side,  and  which 
never  yet  was  fathomed  by  human  intellect. 

\Mth  regard  to  its  ultimate  constitution,  we  cannot  hope 
to  attain  to  a clearer  conception  than  that  which  presented  itself 
to  the  comprehensive,  but  humble,  mind  of  Newton;  and  that 
transcendent  philosopher  has  thus  embodied  the  result  of  his 
patient  investigations: — 

It  seems  probable  to  me  that  God,  in  the  beginning,  formed 
MATTER  in  solid,  massy,  hard,  impenetrable,  moveable  particles, 
of  such  sizes  and  figures,  and  with  such  other  proj^erties,  and  in 
such  proportion  to  space,  as  most  conduced  to  the  end  for 
which  He  formed  them;  and  that  those  primitive  particles, 
being  solids,  are  incomparably  harder  than  any  porous  bodies 
compounded  of  them;  even  so  very  hard  as  never  to  wear  or 
break  in  pieces;  no  ordinary  power  being  able  to  divide  what 
God  himself  made  one  in  the  first  creation.” 

But  this  hj'pothesis,  however  convenient  and  consonant  with 
our  prejudices,  is  not  absolutely  necessary  to  the  explanation  of 
natural  phenomena;  for  it  may  be  conceived,  according  to  the 
theory  of  Boscovich,  that  matter  consists  not  of  solid  particles, 
but  of  mere  mathematical  centres  of  forces  attractive  and  repul- 
sive, whose  relations  to  space  were  ordained,  and  whose  actions 
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are  regulated  and  maintained  by  the  Creator  of  the  universe. 
Both  hypotheses^  however,  agree  in  one  great  principle:  viz., 
that  the  properties  of  bodies  depend  upon  forces  emanating 
from  immovable  points  (whether  substantial  or  not  is  of  little 
importance,)  of  their  masses. 

§ 8.  Now  it  is  no  less  necessary  to  test  the  accuracy  of 
our  notions  derived  from  common  observation  and  the  first 
impression  of  our  senses,  than  to  guard  against  the  careless 
adoption  of  ill-understood  generahzations  of  the  results  of 
experiment  in  our  after  progress;  and  we  must  be  particularly 
careful  to  correct  the  prejudices  which  are  but  too  apt  to  infect 
the  mind  from  this  first  fountain  of  our  knowledge.  With 
regard  to  the  absolute  hardness,  for  instance,  of  the  ultimate 
atoms  of  all  kinds  of  matter: — from  the  smooth  flowing  of 
water,  and  the  gentle  breathing  of  the  air,  we  derive  a notion  of 
softness  which  we  can  scarcely  separate  from  the  constitution 
of  their  ultimate  particles;  but  if  we  take  a portion  of  water 
in  a glass  tube,  which  has  been  carefully  freed  from  air  by 
boihng,  and  afterwards  hermetically  sealed,  we  shall  find,  upon 
agitating  it,  that  the  particles  strike  one  another  vdth  a ringing 
sound,  quite  undistinguishable  from  that  derived  from  the 
collision  of  metals.  Such  a little  apparatus  is  commonly  made, 
and  goes  by  the  name  of  the  water  hammer.  So  with  regard  to 
aeriform  matter;  a mixture  of  airs  may  be  confined  in  a mere 
film  of  water,  which  exploding  at  a lighted  taj^er,  mU  allow  the 
particles  of  the  atmosphere  to  rush  together  so  suddenly  as  to  pro- 
duce a loud  report,  the  result  of  the  collision  of  aeriform  atoms. 

Again,  Newton  has  drawn  a marked  distinction  betw^een  the 
solidity  of  primitive  particles"  and  that  of  the  bodies  com- 
pounded of  them;  asserting  that  the  latter  are  porous.  Some 
solid  bodies  we  at  once  perceive,  when  taken  in  masses,  are  full 
of  void  spaces,  or  pores ; their  solid  particles  appear  only  to 
touch  each  other  at  particular  points,  as  in  a lump  of  sugar: 
but  we  have  difficulty  in  conceiving  that  the  particles  of  no 
bodies  touch  one  another,  and  we  seem  but  to  be  giving  fair 
credit  to  the  testimony  of  our  senses,  in  believing  that  the 
particles  of  a solid  metal  must  be  in  close  contact.  A little 
reflection  again  may  correct  this  prejudice.  Many  metals  may 
have  their  density  increased;  i.e.,  their  particles  approximated, 
by  mere  hammering  or  pressure;  but  to  this  there  is  a limit:  all 
solids  may  have  their  particles  approximated  by  cold,  and  to 
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this  no  limit  has  been  yet  ascertained.  Particles  which  admit 
of  such  nearer  approach  to  each  other,  cannot  of  course  be  in 
close  contact;  a mass,  or  an  assemblage  of  such,  must  be  porous. 
Newton  admits  that  the  atoms,  even  of  the  densest  solid,  are 
placed  at  distances  from  one  another  infinitely  greater  than  their 
own  diameters. 

§ 9.  If  we  are  liable  to  such  errors  of  judgment,  vdth 
regard  to  matters  of  direct  observation,  how  careful  ought  we  to 
be,  and  how  diffident,  in  embodying  notions  of  things  which  are 
wholly  beyond  the  cognizance  of  our  senses; — as  of  the  sizes, 
forms,  or  weights  of  the  primitive  particles,”  or  atoms,  of 
matter.  We  can  carry  the  palpable  division  of  some  substances 
to  an  almost  inconceivable  extent,  but  we  have  no  reason  to 
suppose  that  we  thereby  even  approximate  to  their  ultimate 
atomic  resolution. 

A gallon  of  water  weighs  70,000  grains;  one-tenth  of  a grain 
of  green  vitriol  does  not  contain  quite  one-fiftieth  part  of  a grain 
of  iron ; if  we  dissolve  this  quantity  of  the  salt  in  the  water,  its 
diffusion  throughout  its  whole  mass  may  be  rendered  perfectly 
visible  by  the  addition  of  a little  tincture  of  the  gall-nut;  i.  e.,  it 
may  be  proved  to  the  eye  that  each  grain  of  water  contains  the 
seventy  thousandth  part  of  the  fiftieth  of  a grain  of  iron;  a 
quantity  far  too  minute  to  be  ascertained  by  the  most  delicate 
instruments,  and  of  which  the  imagination  itself  cannot  possibly 
frame  an  accurate  conception:  and  yet  we  dare  not  assert  that 
this  inconceivably  minute  quantity  bears  any  assignable  propor- 
tion to  the  weight  of  a primitive  particle. 

§ 10.  But,  to  proceed:  we  are  familiar  with  matter  in 
tu’o  states;  viz. — at  rest;  or  undergoing  a change  of  position  in 
space:  but  no  particle  of  matter,  nor  assemblage,  nor  compound 
of  particles  of  matter,  possesses  within  itself  a power  of  changing 
its  existing  state  of  motion  or  rest;  a passive  quality  which  is 
generally  designated  by  the  term  inertia.  This  term,  how- 
ever, appears  to  have  been  not  very  happily  chosen;  inasmuch 
as  it  might  be  taken  to  designate  inactivity  with  regard  to  other 
bodies;  which  if  we  were  to  admit,  we  should  deny  that  inherent 
activity  by  which  it  is  probable  that  every  particle  of  matter  is 
capable  of  acting  upon  every  other  particle  in  the  universe. 

When  we  are  told  that  a body  at  rest  would  for  ever  remain 
quiescent,  unless  it  were  to  receive  an  impulse  from  some 


10 


NOTION  OF  FORCE. 


extraneous  power,  the  mind  at  once  assents  to  the  proposition; 
it  seems  to  agree  with  the  results  of  our  experience;  the  bodies 
which  surround  us  move  not  until  some  power  from  without 
sets  them  in  motion:  but  it  requires  some  reflection  in  those 
who,  for  the  first  time,  consider  the  subject,  to  perceive  that 
bodies  in  motion  woifld  for  ever  continue  to  move  unless  they 
were  stopped  by  some  exterior  power.  Common  and  careless 
observation  seems  to  contradict  this  part  of  the  proposition:  we 
know  of  no  motion  on  the  surface  of  the  earth  but  what  comes 
to  an  end,  unless  extraneous  power  be  apphed  not  only  to 
produce  but  to  maintain  it.  This  prejudice  will,  however,  be 
corrected  by  the  observation,  that  all  such  moving  bodies  meet 
with  resistance  from  counteracting  forces;  and  that  the  heavenly 
bodies,  the  only  examples  with  which  we  are  acquainted  of 
unresisted  motion,  continue  constant  in  their  courses.  More- 
over, we  are  not  without  familiar  instances  of  this  tendency  to  a 
persistence  in  a state  of  motion.  If  we  suddenly  check  motion, 
in  an  open  vessel  filled  with  a hquid,  the  rigidity  of  all  the  parts 
of  the  solid  mass  brings  them  simultaneously  to  a state  of  rest; 
but  the  mobility  of  the  liquid  particles  of  the  combination 
allows  of  their  continuing  in  motion  in  their  original  dhection, 
and  the  liquid  is  spiUed.  The  careless  setting  dovm  of  a pail  of 
water,  or  a cup  of  tea,  may  thus,  with  proper  reflection,  illustrate 
an  important  principle. 

§ 11.  Now  every  particle  of  matter  which  we  see  aromid 
us  is  under  the  influence  of  several  forces  exerted  upon  it  both 
by  distant  and  by  adjacent  particles;  and  upon  which  it  acts  in 
return:  for  the  action  of  one  body  upon  another  is  always 
accompanied  by  a reaction  of  the  latter  upon  the  former,  of  the 
same  intensity  in  the  opposite  direction.  To  these  forces  the 
motions  which  we  observe  in  some  bodies  are  owing,  and  upon 
their  balance  the  apparent  state  of  rest  in  others  is  dependent: 
it  is,  therefore,  of  the  first  importance  that  we  should  form  as 
accurate  a notion  as  possible  of  the  meaning  of  the  general  term 
FORCE.  The  following  analysis  of  the  subject,  by  Sir  John 
Plerschel,  clearly  refers  the  origin  of  the  idea  to  the  conscious- 
ness of  each  individual;  conscience  being  the  highest  form  of 
personal  experience*. 

“We  are  conscious  of  a power  to  move  oui'  own  limbs,  and, 
by  their  intervention,  other  bodies;  and  this  eflect  is  the  result 
* Herschel’s  Dxscourse,'^.  8C. 
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of  a certain  inexplicable  process  which  we  are  aware  of,  by 
which  we  exert  force',  and  even  when  such  exertion  produces 
no  visible  effect  (as  when  we  press  our  two  hands  violently 
together,  so  as  just  to  oppose  each  other’s  effort),  we  still 
perceive,  by  the  fatigue  and  exhaustion,  and  by  the  impossibility 
of  maintaining  the  effort  long,  that  something  is  going  on  within 
us,  of  which  the  mind  is  the  agent,  and  the  will  the  determining 
cause.”  In  the  case  of  force  exerted  by  the  right  hand,  and 
met  by  an  equal  force  from  the  left,  the  two  acting  in  opposite 
directions  exactly  neutralize  each  other,  and  no  motion  ensues; 
the  effect  is  pressure;  they  exactly  balance  one  another,  and 
may  be  said  to  be  in  equilibrio.  We  recognise  a similar  power 
of  generating  force  in  other  animals  by  opposition  to  our  own, 
and  as  the  proximate  seat  of  it  is  in  the  muscles,  we  denominate 
it  muscular  or  animal  force.  This  force  may  be  communicated 
to  inanimate  matter,  as  when  we  project  a stone  from  the  hand; 
and  that  a body  thus  set  in  motion  carries  force  with  it,  we  may 
feel  by  arresting  it  in  its  course.  Thus,  in  stopping  a ball  at 
cricket,  we  experience  a shock,  and  the  bones  of  the  hand  might 
even  be  fractured  by  the  blow  if  it  did  not  at  first  yield  a little 
to  its  course.  It  may  be  concentrated  in  the  same  mass  by 
continued  action,  as  when  a stone,  which  when  cast  from  the  hand 
will  inflict  a comparatively  slight  injury,  is  continuously  acted 
upon  by  the  same  arm,  by  the  intermedium  of  a sfing,  it  wiU  at 
length  be  projected  with  an  intensity  of  action  capable  of 
producing  very  violent  effects.  We  thus  learn  to  regard  motion 
in  matter,  however  produced,  as  the  effect,  and  indication  of 
force:  and  force  has  been  defined  as  ^^that  which  is  capable 
of  producing  motion  in  matter,  or  of  stopping,  or  altering  its 
direction  when  produced.” 

Velocity  of  motion,  or  the  distance  which  a body  moves  in 
a given  time,  may,  when  the  mass  remains  the  same,  be  taken 
as  a measure  of  mechanical  force  (as  force  thus  transferred  to 
moving  masses  of  matter  is  called),  and  by  multiplying  the 
quantity  of  matter  in  a body  by  its  velocity,  we,  in  all  cases, 
learn  its  momentum,  or  the  quantity  of  force  which  it  is  capable 
of  exerting  upon  other  bodies  opposed  to  it.  The  investigation 
of  the  laws  of  motion  constitutes  the  province  of  dynamics. 

§ 12.  This  force,  which  we  can  exert  and  communicate 
at  will,  and  which  can  be  generated  by  all  animal  bodies,  we 
may  soon  become  sensilile  may  be  opposed  by  other  forces 


12 


VARIETIES  OF  FORCE. 


appertaining  to  inanimate  matter.  For  example: — in  lifting  a 
lump  of  ironj  or  lead,  or  stone,  from  the  ground,  we  are  con- 
scious of  the  same  kind  of  opposition,  and  consequent  exertion, 
as  when  we  violently  press  one  hand  against  the  other;  and 
whatever  opposes  force  must  be  force.  If  the  force  which  we 
apply  be  greater  than  the  opposing  force,  which  we  famiharly 
denominate  weight,  the  mass  is  raised ; but  we  may  so  adjust 
the  two,  that  they  may  be  in  equilibrio,  and  then  no  motion  vdll 
be  perceptible ; but  we  shall  feel  its  pressure,  and,  if  the  mass 
be  considerable,  we  shall  not  long  be  able  to  maintain  the 
balance,  from  exhaustion  and  fatigue,  and  the  mass  wiU  fall  to 
the  ground. 

Again,  by  pressing  with  the  arm  upon  a strong  spring,  or  in 
drawing  a bow,  we  feel  another  opposing  power,  which  we 
denominate  elasticity.  At  the  first  impression,  motion  may 
be  produced,  because  muscular  force  may  have  the  advantage, 
but  we  shall  soon  become  conscious  of  a gradually-increasing 
opposition,  which  our  utmost  exertion  will  not  be  able  to  over- 
come ; our  highest  degree  of  force  will  be  balanced ; fatigue  on 
our  part  will  put  an  end  to  the  contest,  and  the  elastic  body  will 
return  to  its  former  state.  If  the  opposition  be  suddenly  with- 
drawn, and  the  bow  be  allowed  to  act  continuously  in  its  return 
upon  a body  which  is  free  to  obey  the  impulse,  the  bolt  or  the 
arrow  will  have  a projectile  force  communicated  to  it  of  con- 
siderable intensity,  as  in  the  case  of  the  stone  from  the  sling. 

§ 13.  The  very  same  effect  may  be  produced  upon  the 
spring  or  bow  by  the  action  of  the  weight,  as  by  the  power  of 
the  arm ; and  if  we  were  to  place  the  mass  of  iron  upon  the 
former,  or  suspend  it  from  the  latter,  the  heavy  body  would  be 
supported,  and  the  elastic  body  would  be  bent.  Weight  may 
thus  be  opposed  to  elasticity,  and  at  a certain  point  they  will 
balance  each  other : at  this  point  no  motion  or  visible  effect  wiU 
be  produced ; but  the  two  forces  will  not  on  this  account  cease 
to  act  any  more  than  in  the  case  of  the  opposite  pressure  of  the 
two  hands ; they  will  exert  j:)ressure  upon  each  other.  Each  of 
these  forces  having  been  separately  estimated  by  our  exertion 
and  consciousness  of  muscular  force,  when  opposed  to  them,  we 
cannot  resist  the  direct  evidence  of  our  senses,  that  “ matter  is 
thus  capable  of  exerting  upon  matter  the  same  Idnd  of  effort  as 
that  which  we  appreciate  from  a mental  impression*.^’ 

* Herschel’s  Discourse. 
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The  exertion  of  force  necessarily  implies  resistance,  or 
reaction,  in  an  opposite  direction ; and  a force  is  effective  only 
when  the  resistance  is  called  into  play.  We  are  conscious  of 
the  ability  to  exert  muscular  force  at  our  will ; but  we  cannot 
conceive  its  exertion  without  opposition.  So  with  a common 
bell-spring;  we  know  from  experience  that  it  is  capable  of 
exerting  the  force  of  elasticity ; but  if  we  hold  it  by  one  end 
only,  it  is  not  exerted.  If  we  hold  one  of  its  ends  in  each 
hand,  and  stretch  it,  we  feel  its  elastic  form,  which  we  oppose 
by  a muscular  effort  of  one  hand,  necessarily  accompanied  by 
an  equal  effort,  in  the  opposite  direction,  of  the  other;  these 
efforts  may  be  replaced  by  the  gravity  of  a weight  passing  over 
a puUey  at  one  end,  balanced  by  an  equal  weight,  similarly 
acting  at  the  other  end.  A curious  question  might  arise  upon 
such  an  arrangement : Is  the  spring  stretched  by  the  sum  of  the 
forces  of  the  two  arms,  or  of  the  two  weights,  or  by  one  only  ? 

Let  one  end  of  the  spring  be  attached  to  a fixed  support, 
and  it  will  be  found  that  the  same  effort  of  one  arm,  or  of  one 
weight,  applied  to  the  other,  will  stretch  it  to  the  same  amount 
as  before ; the  force  of  the  other  arm,  or  of  the  other  weight, 
only  measured  the  amount  of  reaction  which  necessarily  accom- 
panies the  action,  and  which  is  now  borne  by  the  support. 

§ 14.  There  are  several  varieties  of  force,  aU  of  which  may 
either  mediately  or  immediately  be  referred  to  the  standard  of 
our  own  exertions.  Some  of  these  cause  masses  of  matter  to 
approach,  and  others  to  recede  from  each  other,  retaining  them 
in  their  second  position  against  an  opposing  force ; the  former 
are  classed  together  under  the  name  of  attraction,  the  latter 
under  that  of  repulsion.  The  laws  of  these  motions,  and  of 
the  equilibrium  of  these  forces,  the  intellect  of  man  has  been 
able  to  develope;  but  the  origin  of  the  forces  themselves, 
though  clearly  perceived  to  be  various,  appears  to  be  beyond 
his  comprehension,  even  when  that  origin  is  in  his  own  will. 
We  cannot,  at  least,  refer  them  to  any  secondary  cause,  and 
we  must  be  content  to  know  that  they  are  powers  conferred 
upon  matter  by  the  will  of  the  Creator,  for  the  maintenance 
of  the  order  of  his  creation.  Thus  much  the  intellect  of  a child 
can  comprehend,  and  to  nothing  more  did  that  of  a Newton 
attain.  The  effort  which  we  feel  that  a mass  of  iron  makes  to 
fall  to  the  ground,  is  due  to  an  attractive  force  between  it  and 
the  earth,  which  we  denominate  gravity,  and  is  an  universal 
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power  of  nature ; that  which  we  feel  the  spring  make  to  recover 
its  first  position  when  we  press  upon  it  with  the  hand^  is  due  to 
the  repulsive  force  of  elasticity,  and  is  possessed  in  very 
different  degrees  by  different  kinds  of  matter. 

Before  we  proceed  to  inquire  into  the  laws  which  limit  the 
action  of  these  forces,  it  will  be  well  to  indicate  certain  other 
varieties  both  of  repulsion  and  attraction,  which  wiU  come 
within  the  scope  of  our  inquiry. 

§ 15.  It  was  observed  by  the  ancients,  and  the  fact  is 
mentioned  by  Theophrastus,  that  when  a piece  of  amber  is 
rubbed,  it  acquires  the  property  of  attracting  light  bodies.  The 
Greek  term  for  amber  being  electron,  the  unknown  cause  of  this 
phenomenon  has  been  called  electricity.  It  was  not  till  the 
commencement  of  the  seventeenth  centur^rj  that  the  same  pro- 
perty was  found  to  be  conferred,  by  friction,  on  various  other 
bodies,  as  glass,  seahng-wax,  sulphur,  &c. ; and  later  still,  that 
any  two  dissimilar  substances,  when  rubbed  together,  with 
proper  precautions,  are  capable  of  exerting  the  same  attractive 
force.  Further  observation  has  shown,  that  after  bodies  have 
been  thus  attracted  to  the  rubbed  surface,  they  vdll  be  repelled 
from  it  by  an  equal  but  opposite  force  : and  the  phenomena  will 
be  presented  to  us  in  a striking  light,  if  we  suspend  a feather 
from  a piece  of  silk,  and  approximate  to  it  a tube  of  glass,  which 
has  been  rubbed  with  a silk  handkerchief ; the  feather  will  be 
attracted  to  the  tube  from  a considerable  distance,  and  after 
attaching  itself  to  it,  will  fly  off,  and  cannot  be  made  again  to 
approach  it.  Both  this  attraction  and  repulsion  udll  overcome 
the  force  of  gravitation  in  the  feather,  and  by  its  opposition  we 
can  estimate  the  amount  of  either. 

§ 16.  Again,  there  is  an  ore  of  iron  which  is  common  in 
Sweden,  which  has  received  the  name  of  loadstone,  from  the 
property  which  it  possesses  of  pointing,  when  freely  suspended^ 
to  the  polar  star,  or  load-star,  as  it  was  formerly  called ; it  has 
been  known  from  remote  antiquity  to  possess  the  property  of 
attracting  small  pieces  of  iron : it  is  said  to  have  abounded  in 
Magnesia,  a province  of  Lydia,  and  is  mentioned  by  Pliny^ 
under  the  name  of  magnes,  hence  the  projoerty  derived  the 
name  of  magnetism.  It  is  capable  of  being  communicated  to 
bars  of  steel  by  friction,  which  are  also  called  magnets.  If  we 
take  two  bars  so  prepared,  and  balance  one  of  them  upon  a 
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pivot,  \ve  may  again  have  the  opposite  forces  of  attraction  and 
reimlsion  exemplified  from  this  new  source ; for  upon  approxi- 
mating one  end  of  one  magnet  to  a certain  end  of  the  other, 
which  is  free  to  rotate,  they  will  approach  each  other  with  con- 
siderable energy ; if  the  other  end  be  presented  to  it,  they  will 
separate  with  equal  velocity.  This  attraction  we  can  feel  and 
estimate  by  the  muscular  force  which  we  must  exert  to  pull 
away  a piece  of  iron  which  is  under  its  influence.  Artificial 
magnets,  as  well  as  the  loadstone,  when  freely  suspended,  take 
up  a definite  position  with  regard  to  the  poles  of  the  earth,  or 
the  extremities  of  any  other  magnet : hence  this  property  has 
been  termed  polarity;  and  forces  which  are  conceived  to  act 
with  equal  intensity  in  opposite  directions  at  the  extremities  of 
the  axes  of  molecules,  or  of  masses  of  matter,  are  denominated 
polar  forces. 

The  forces  which  we  have  thus  designated  may  be  distin- 
guished as  EXTERNAL  FORCES,  for  they  act  upon  masses  of 
matter  at  sensible  distances ; there  are  others  which  act  only 
upon  its  constituent  molecules,  and  at  insensible  distances,  and 
may  be  called  internal  or  molecular  forces. 

§ 17.  The  first,  and  most  general  of  these,  is  homogene-  > 
ous  attraction,  or  cohesion.  If  we  take  two  masses  of  lead,  on 
which  two  perfectly  smooth  surfaces  have  been  cut, — and  a 
cloven  bullet  will  answer  the  purposes  of  illustration, — and  bring 
these  planes  in  contact,  we  shall  find  that  they  cohere,  or  attract 
each  other  with  a force  which  we  can  appreciate  by  a muscular 
effort  to  separate  them ; or  by  opposing  to  them  the  gravitation 
or  weight  of  another  body,  for  we  may  suspend  a heavy  sub- 
stance to  them  without  forcing  them  asunder.  In  the  same 
way,  two  pieces  of  plate-glass  cohere  strongly  together  when 
brought  into  contact,  by  their  polished  faces.  It  has  often 
happened  in  manufactories  of  this  article,  that  the  plates,  which 
after  receiving  their  last  polish  are  placed  in  cases,  where  they 
are  arranged  like  books  in  a book-case,  a little  inclining  upon 
each  other,  have  been  found  to  have  contracted  so  strong  a 
cohesion,  as  not  to  be  separable  without  a fracture ; and  some- 
times three  or  four  plates  have  thus  become  so  incorporated  as 
to  bear  working  together,  and  cutting  with  a diamond,  like  a 
single  plate.  Some  specimens,  which  were  selected  from  the 
manufacture  of  St.  Gobin,  were  found  to  be  thus  united  no  less 
intimately  than  if  they  had  been  fused  together;  and  when 
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a violent  degree  of  force  was  applied  to  make  them  slide  from 
each  other,  the  experimenter  was  surprised  to  find  that  the  sub- 
stance of  the  glass  was  actually  torn,  so  that  the  surface  of  one 
was  covered  with  large  flakes  detached  from  the  substance  of 
the  other. 

Another  example  of  this  force  is  afforded  by  the  running 
together  of  two  globules  of  mercury,  or  two  drops  of  water;  the 
moment  they  appear  to  touch  each  other  they  coalesce,  and 
become  one.  One  of  the  most  striking  illustrations  of  homo- 
geneous attraction  is  afforded  by  sifting  some  finely  powdered 
resin  upon  a plate,  and  carefully  scattering  a few  drops  of  water 
upon  it;  each  of  these  will  assume  an  almost  perfect  globular 
form,  from  the  equal  action  of  this  force,  in  all  directions  from 
the  centre  upon  the  exterior  film;  in  obedience  to  which  the 
particles  of  each  mass  are  free  to  move:  these  small  globes  may 
be  made  to  roll  about  in  all  directions,  like  solid  shot,  by 
inclining  the  plate.  When  made  gently  to  touch  each  other, 
they  still  continue  separate,  the  liquid  particles  being  defended 
from  actual  contact  by  the  light  dust  with  which  they  are 
powdered;  but  when  by  greater  violence  this  is  dispered,  they 
immediately  run  together. 

Some  measure  of  the  activity  of  this  force  in  liquids  is 
afforded  by  the  contraction  of  the  thin  film  which  constitutes  a 
soap-bubble.  If  such  a bubble  be  blown  with  a pipe,  and  the 
open  end  of  the  tube  be  directed  towards  the  flame  of  a taper, 
the  flame  may  be  blown  out  from  the  reaction  of  this  contrac- 
tion upon  the  air. 

This  is  the  force  which  connects  the  particles  of  bodies 
together  in  the  solid  form  with  greater  or  less  energy,  and  which 
still  prevails  in  liquids,  though  reduced  to  a less  amoimt  by  an 
opposing  force  which  we  must  presently  indicate.  We  have 
seen  from  our  experimental  illustrations,  how  gravity,  or  mus- 
cular force,  may  be  made  to  act  in  opposition  to  it,  and  the  two 
may  be  combined  to  such  a degree  of  intensity  by  the  continu- 
ous action,  for  instance,  of  the  sledge-hammer,  that  the  cohesion 
of  the  hardest  solid  may  be  obliged  to  yield. 

§ 18.  And  here  it  may  be  remarked,  that  time  is  an  im- 
portant element  in  the  action  of  force.  When  a mass  of  matter 
moving  with  a certain  momentum  strikes  against  a substance  whose 
cohesion  is  insufflcient  to  resist  the  force  which  it  conveys,  the 
fracture  of  the  latter  is  the  consequence,  and  the  momentum 
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of  the  former  may  be  destroyed;  but  if  a greater  velocity  be 
given  to  the  mass,  it  may  pass  through  the  opposing  substance 
with  little  comjjarative  injury,  and  stiU  continue  to  move.  Thus 
a leaden  bullet  projected  from  the  hand  may  demolish  a plate  of 
glass,  while  the  same  bullet  impelled  from  a gun  will  pass 
through  the  plate,  and  pierce  it  with  a small  hole,  without 
destrojdng  the  cohesion  in  any  other  part.  In  the  practice  of 
artillery,  where  it  is  required  to  batter  down  walls,  or  the  sides 
of  a ship,  the  charge  of  gunpowder  is  so  regulated  as  that  the 
projeetile  may  not  be  earried  through  the  object  aimed  at;  as 
in  that  case  the  time  of  its  passage  is  not  sufficient  for  the 
transfer  of  the  force  from  the  moving  body. 

§ 19.  Elasticity  also  may  be  made  to  act  against  cohesion; 
and  a most  beautiful  instance  of  the  equilibrium  of  these  two 
forces  is  presented  to  us  in  the  common  schoolboy’s  plaything, 
called  a Rupert’s  drop.  This  is  a drop  of  glass  suddenly  solidi- 
fied by  dropping  it  into  water : its  cohesion  is  very  considerable, 
as  we  may  ascertain  by  the  force  which  would  be  required  to 
crush  it;  it  will  bear  the  pressure  of  half  a hundred  weight 
without  injury.  Glass  is  also  a body  endued  with  a high  degree 
of  elasticity,  which  is  greatly  increased  by  heat.  When  the 
exterior  molecules  are  suddenly  cooled  they  contract,  and 
violently  compress  the  still  heated  interior  particles.  That 
these  retain  their  state  of  tension,  and  strive  energetically  to 
recover  from  it,  even  after  they  are  cool,  is  proved  experi- 
mentally. If  we  grasp  the  drop  in  one  hand,  and  with  the 
other  break  off  the  point,  or  merely  scratch  the  surface,  we 
diminish  the  force  of  cohesion,  and  the  elasticity  assumes  the 
ascendency,  breaking  the  mass  to  an  almost  impaljDable  powder, 
and  giving  a violent  shock  to  the  hand  which  grasps  it.  By 
holding  it  under  water,  in  a stout  glass  bottle,  or  other  vessel, 
the  effect  is  rendered  still  more  striking;  for  upon  scratching 
the  surface  with  a file,  not  only  is  the  drop,  but  the  containing 
vessel,  shivered  into  a thousand  fragments. 

§ 20.  But  the  real,  and,  but  for  one  remarkable  excep- 
tion, universal  antagonist  of  cohesion,  is  the  repulsive  force  of 
heat:  and  of  the  meaning,  again,  of  this  term,  our  conscious- 
ness will  afford  the  best  explanation.  The  sensations  of  the 
most  ignorant  teach  them  to  apply  a meaning  to  the  terms 
hot  and  cold,  which  the  most  philosophic  definition  would  not 
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at  all  elucidate.  Common  experience  proves  to  us  that  the 
unknown  cause  of  these  sensations  is  an  agent  of  the  most 
powerful  and  active  kind : we  find  it  continually  employed  both 
in  the  processes  of  nature  and  the  arts;  we  recognise  it  as 
destroying  some  substances,  melting  others,  rendering  others 
luminous,  and  converting  others  into  vapour.  The  hidden 
cause  of  all  these  effects  we  term  heat,  as  well  as  the  sensation 
which  it  produces  upon  our  organs.  Our  ignorance  occasions 
this  confusion  of  language,  and  we  only  attempt  to  disguise  that 
ignorance  when  we  substitute  the  term  caloric  for  the  myste- 
rious cause,  and  confine  the  term  heat  to  the  sensation  produced. 

When  we  take  a half  flaccid  bladder,  and  expose  it  to 
any  of  the  common  sources  of  heat,  as  by  holding  it  before 
the  fire,  or  pouring  hot  water  upon  it,  we  invariably  commu- 
nicate a repulsive  force  to  the  air  which  it  contains,  causing  the 
particles  to  recede  from  each  other,  and  distending  the  bladder 
to  a degree  which,  if  properly  confined,  will  cause  it  to  burst, 
with  a loud  report.  Here  again  we  may  feel  the  force  which 
causes  the  aerial  molecules  to  repel  each  other.  Common 
experience  has  also  taught  us  that  the  application  of  heat  will 
quietly  subdue  the  cohesion  which  binds  together  the  atoms  of 
the  most  solid  metal,  and  which  the  most  intense  mechanical 
force  can  only  very  partially  effect;  and  hence,  again,  we  judge 
of  the  energy  of  the  active  cause. 

Such  are  the  forces  of  homogeneous  attraction  and  repul- 
sion:— antagonist  powers  which  act  ujjon  the  constituent 
particles  of  the  same  kinds  of  matter, — matter  that  is,  of  the 
same  sensible  properties. 

§ 21.  Referring  back  to  our  first  acquaintance  vnth 
matter,  we  have  not  only  been  assured  of  its  existence,  of  its 
substantiality,  of  its  impenetrability,  of  its  solidity,  of  its 
fluidity,  by  our  touch,  but  our  other  senses  have  discovered  to 
us  different  kinds  of  matter — matter  of  different  sensible  pro- 
perties. Our  taste  has  informed  us  of  sapid  and  insipid,  of  acid 
and  sweet,  and  bitter  and  saline  matter;  our  organs  of  smell,  of 
odorous  and  inodorous  bodies;  our  sight,  of  blue  and  green, 
and  black  and  white,  transparent  ■ and  opaque.  It  is  in  the 
reciprocal  action  of  bodies  of  such different  essences  that  we 
trace  the  existence  of  our  next  active  force.  If  we  simply  dip  a 
piece  of  metal,  or  glass,  into  water,  and  Avithdraw  it,  Ave  sliall 
have  an  illustration  of  it  in  the  Avetting  of  the  solid;  a portion 
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of  the  liquid  will  adhere  to  it:  we  can  estimate  the  amount  of 
the  force  by  the  weight  of  the  water  which  may  be  raised  under 
its  influence.  If  we  repeat  the  experiments  before  referred  to, 
of  placing  a few  drops  of  water  upon  a fine  dust,  substituting 
powdered  flint-glass  for  resin,  we  shall  be  able  to  contrast  this 
force  of  heterogeneous  adhesion  with  that  of  homogeneous  cohesion: 
in  the  former  case  the  drops  of  water  assumed  a spherical  form, 
under  the  influence  of  the  last  power;  in  the  latter  case  hetero- 
geneous adhesion  will  overcome  homogeneous  cohesion:  the 
powdered  glass  will  be  wetted,  and  the  water  will  be  absorbed. 

§ 22.  Tlie  last  force  which  it  wiU  be  necessary  to  specify, 
to  complete  this  general  view  of  the  forces,  is  chemical 
AFFINITY,  the  highest  degree  of  heterogeneous  attraction.  The 
action  of  this  marvellous  power  between  the  ultimate  particles 
of  diflFerent  kinds  of  matter,  constitutes  matter  of  distinct 
qualities, — matter  differing  in  essence  from  any  of  its  ingre- 
dients,— matter  possessing  no  sensible  property  in  common  with 
its  constituent  elements  but  that  of  their  gravity  combined. 
An  inquiry  into  the  laws  and  results  of  its  action  constitutes  the 
chemist’s  peculiar  province.  It  has  been  named  affinity,  from 
a supposed  relationship  of  substances  to  each  other,  which  fits 
them  for  intimate  combination. 

If  we  take  some  fragments  of  copper,  and  pour  some  aqua 
fortis  (nitric  acid)  upon  them,  intense  action  will  ensue  between 
the  liquid  and  the  solid;  abundance  of  aeriform  matter  will  be 
evolved;  the  acid  and  the  metal  will  both  disappear,  and  in 
their  stead  we  shall  find  a saline  substance  of  a beautiful  deep 
blue  colour;  the  weight  of  which,  together  with  that  of  the 
collected  air,  would  be  exactly  that  of  the  acid  and  metal  thus 
acting  upon  each  other  by  the  force  of  chemical  affinity.  The 
blue  matter  resembles  in  no  single  property  the  substances  from 
which  it  is  produced;  but  that  copper  enters  into  its  com- 
position may  easily  be  proved  by  dipping  a piece  of  clean  iron 
into  its  solution,  when  the  metal  will  appear  upon  its  surface, 
with  all  its  characteristic  properties. 

The  intimate  and  mutual  penetration  of  bodies,  under  this 
mysterious  force,  might  be  expected  to  elude  that  kind  of  com- 
parison and  measure  with  our  innate  energy  which  we  have 
established  in  the  case  of  the  other  forces  which  we  have  passed 
under  our  review:  indeed  it  is  not  easy  to  conceive  how  a 
molecular  action  of  such  a kind  could  be  immediately  tested  by 
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our  muscular  force;  but  mediately  this  may  be  done  by  a 
reference  to  the  force  of  cohesion,  which  is  directly  opposed  to 
it.  This  extraordinary  agent,  moreover,  presents  itself  to  us 
in  another  form,  in  which  having  elicited  it  from  the  distant 
reaction  of  two  masses  of  cold  metal,  by  means  whieh  it  Avill  be 
our  business  hereafter  to  investigate,  we  can  apply  it  to  effect 
the  essential  changes  upon  matter  which  are  the  distinctive 
results  of  its  operation,  and  at  the  same  moment  feel  its  power- 
ful influence  upon  our  muscular  frame,  contracting  its  fibres 
with  a violence  which  no  spontaneous  exertion  of  our  self- 
generated force  can  control. 

§ 23.  These  illustrations  may  serve  the  useful  purpose  of 
fixing  upon  the  minds  of  beginners  in  science  some  definite 
notions  of  the  nature  of  the  forces  which  principally  concur  to 
the  production  of  chemical  phenomena ; but  to  constitute 
science  it  is  necessary  to  seek  out  the  laws  which  limit  and 
reg\fiate  the  action  of  the  different  forces.  It  is  not  sufficient 
to  know,  that  under  the  force  of  gravity  every  particle  of  matter 
attracts  every  other  particle  in  the  universe  and  is  attracted  by 
it;  it  is  necessary  that  we  should  measime  the  amount  of  the 
force  and  ascertain  the  influence  of  distance  upon  its  action. 
The  particular  laws  of  their  several  actions,  as  far  as  they  are 
conducive  to  chemical  results,  it  is  the  object  of  the  following 
pages  to  examine  and  illustrate;  and  for  this  purpose  we  will 
take  them  nearly  in  the  order  in  which  they  have  already  Ijeen 
notified;  and  first  with  regard  to  gravity. 

II.  GRAVITY— WEIGHT. 

§ 24.  The  attraction  of  gravitation  may  be  exerted  be- 
tween masses  of  matter  at  the  greatest  distances  from  each 
other;  it  is  that  sublime  power  which  the  astronomer  con- 
templates as  extending  between  aU  the  bodies  of  the  solar 
system ; binding  the  planets  in  their  orbits,  and  reaching 
through  space  to  countless  other  systems,  at  distances  of  which 
the  mind  of  man  strives  in  vain  to  form  an  adequate  conception. 
With  this  stupendous  and  all-jDervading  force  the  chemist  has 
little  concern,  except  as  acting  at  the  surface  of  the  earth,  and 
conferring  the  property  which  we  call  weight. 

It  may  be  exemplified  not  only  by  the  fall  of  a body  to  the 
earth,  but  by  the  approach  towards  each  other  of  masses  of 
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matter  which  are  free  to  obey  the  mutual  impulse.  Thus, 
pieces  of  wood,  upon  the  surface  of  water,  are  attracted  towards 
each  other,  or  the  sides  of  the  containing  vessel;  and  the 
wrecks  of  ships  are  frequently  found  aggregated  together  upon 
the  surface  of  the  ocean. 

iV  plummet,  or  weight  suspended  to  a string,  is  commonly 
employed  to  indicate  a line  directed  immediately  to  the  centre 
of  the  earth,  and  which  is  called  a perpendicular.  This  is  the 
direction  of  gravitation,  which  acts  in  straight  lines,  when  undis- 
turbed, at  the  surface  of  the  globe.  The  same  plummet,  when 
suspended  by  the  side  of  the  abrupt  precipice  of  a mountain, 
has  been  experimentally  found  to  deviate  from  this  perpen- 
dicular, having  been  drawn  aside  a minute,  but  measurable, 
quantity  by  the  gravity  of  the  mass  in  whose  vicinity  it  had  been 
placed. 

In  common  language,  we  say  that  a stone,  or  other  heavy 
body,  falls  to  the  earth:  but  the  influence  is  reciprocal;  the 
earth  is  attracted  by  the  stone  as  the  stone  is  by  the  earth. 
The  action  is  directly  proportionate  to  the  quantity  of  matter 
which  each  mass  contains,  and  this  is  the  first  law  of  gravity. 
The  quantity  of  matter  in  the  stone  bearing  no  assignable 
proportion  to  the  mass  of  the  earth,  its  influence,  though  certain, 
is  inappreciable. 

§25.  Here  again  it  may  be  necessary  to  guard  against 
a prejudice  derived  from  careless  observation,  and  inaccurate 
language:  lead  is  proverbially  said  to  be  heavy,  and  a feather  to 
be  light,  and  when  a mass  of  lead  and  a feather  are  suffered  to 
fall  together  to  the  ground  from  a height  (wh6n  abandoned,  that 
is,  at  the  same  moment,  to  the  action  of  gravity),  the  former 
reaches  the  bottom  sooner  than  the  latter;  gravity  appearing  to 
act  with  greater  energy  upon  one  than  the  other.  But  if  the 
experiment  be  made  in  a space  void  of  other  matter,  the  aetion 
upon  both  will  be  found  to  be  equal;  they  will  both  fall 
together,  and  we  shall  learn  that  the  retardation  of  the  feather, 
in  the  first  instance,  was  owing  to  the  large  surface  whieh  it 
presented  to  the  resistance  of  the  air.  In  vacuo  the  smallest 
particle  of  matter  and  the  largest  mass,  fall  through  equal 
spaces  in  equal  times.  Gravity,  in  short,  is  the  jiower  of 
transmitting  to  every  particle  of  matter  a certain  velocity  abso- 
lutely independent  of  the  number  of  material  particles:  loe'ujht 
is  measured  by  the  effort  which  must  be  used  to  prevent  a 
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given  mass,  or  accumulation  of  particles,  from  obeying  the  law 
of  gravity;  weight,  therefore,  depends  upon  the  mass;  gravity 
has  no  dependence  at  all  upon  it. 

§ 26.  The  intensity  of  the  force  of  gravity  is  measured 
by  the  velocity  of  a body  moving  unresisted  under  its  influence, 
and  is  such,  that  in  this  latitude  a body  falls,  in  the  first  second 
of  time,  16.095  feet,  or  about  16  feet  and  one  inch. 

§ 27.  The  second  law  of  gravity  is,  that  bodies  attract 
one  another  in  inverse  proportion  to  the  squares  of  the  dis- 
tances of  their  centres,  to  which  their  action  may  be  referred. 
Now  this  is  the  law  which  regulates  the  action  of  all  central 
forces, — of  all  forces,  that  is,  which  emanate  from  a centre,  and 
spread  themselves  around  that  centre;  and  its  generahty  renders 
it  particularly  desirable  that  we  should  form  an  accurate  notion 
of  its  reason.  We  can  best  explain  it  perhaps  by  reference  to 
light.  Common  experience  informs  us  that  the  intensity  of 
light  decreases  with  its  distance;  and  in  what  proportion,  a 
little  consideration  will  enable  us  to  determine.  A lighted 
taper  radiates  its  light  in  all  directions  alike;  if  we  imagine 
such  a taper  placed  in  the  centre  of  an  opaque  globe,  four  feet 
in  diameter,  its  hght  will  all  be  dispersed  over,  and  arrested  by 
the  surface  of  that  globe,  which  will  be  illuminated  with  a 
certain  degree  of  intensity.  If  we  now  imagine  it  removed  to 
the  centre  of  another  sphere,  six  feet  in  diameter,  the  same 
light  will  be  spread  over  the  larger  surface,  which  wiU  of  course 
be  illuminated  in  a less  degree.  The  distance  of  the  light  from 
the  surface  of  the  first  sphere  would  be  its  radius,  or  two  feet; 
from  the  surface  of  the  second,  three  feet;  but  the  diminutions 
of  the  light  would  not  be  directly  as  2 to  3,  or  as  the  mere 
distances,  but  as  the  squares  of  2 and  3,  or  4 to  9;  for  it  can  be 
geometrically  demonstrated  that  the  surfaces  of  spheres,  or  any 
similar  sections  of  spheres,  are  as  the  squares  of  their  radii  (1) : 

( 1 ) The  principle  may  be  illustrated 
by  experiment,  in  the  following  way: — 
If  in  the  annexed  diagram,  1,  represent 
a board  of  a foot  square,  placed  at  a 
certain  distance  from  a light  at  «,  it 
will  just  shadow  a board  of  two  feet  square,  2,  at  double  the  distance; 
of  a board  of  three  feet  square,  3,  at  three  times  the  distance;  or  one 
of  four  feet  square,  4,  at  four  times  the  distance : that  is  to  say,  the 
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and  it  is  clear  that  in  each  case  the  light  is  spread  over  the 
whole  surfaces,  and  consequently  diluted  in  proportion  to  their 
surfaces.  In  the  same  manner,  and  after  the  same  law,  the 
action  of  gravity  is  diluted,  if  the  expression  be  allowable,  upon 
distant  masses. 

§ 28.  If  a gravitating  body  be  freely  suspended  by  a 
string,  or  rod,  from  a fixed  point,  it  will  hang  in  a vertical  posi- 
tion; but  if  it  be  moved  from  that  position  by  a force  laterally 
directed,  it  will  rise  in  the  arc  of  a circle,  of  which  the  point  of 
suspension  wiU  be  the  centre,  under  the  joint  action  of  the 
moving  force  and  the  tension,  or  cohesion,  of  the  rod  or  string. 
When  it  has  reached  the  point  at  which  its  moving  force  is 
destroyed  by  the  counteracting  forces  of  gravitation  and  cohe- 
sion, it  will  immediately  begin  to  descend  under  the  force  of 
gravitation  in  the  same  arc;  and  when  it  reaches  the  vertical 
position,  it  will  have  acquired  a momentum  which  would  tend  to 
carry  it  forwards  in  a horizontal  direction;  the  tension  of  the 
string  unll,  however,  cause  it  still  to  move  in  the  circle,  of  which 
the  point  of  suspension  is  the  centre,  and  it  will,  after  passing 
the  vertical  line,  rise  through  a similar  arc  on  the  opposite  side, 
until  its  velocity  is  destroyed,  which  if  no  other  forces  than 
gravity,  and  its  antagonist  cohesion,  were  to  act,  wmuld  be, 
when  it  reached  a height  equal  to  that  from  whence  it  first  fell: 
from  this  it  wiU  again  descend,  and  passing  the  vertical,  rise  to 
the  first  height;  and  it  would  thus  continue  to  oscillate  for  ever 
but  for  counteracting  forces.  The  oscillations  of  an  invariable 
pendulum,  as  such  an  apparatus  is  called,  are  sensibly  performed 
in  equal  times,  or  are  isochronous,  even  when  the  arc  gradually 
diminishes  from  retarding  forces. 

The  length  of  a pendulum  vibrating  seconds,  in  the  latitude 
of  London  (51°  31'  08"  N.),  in  vacuo,  at  the  level  of  the  sea,  has 
been  accurately  determined  to  be  39.139  in. 

The  force  of  gravity,  which,  on  account  of  the  figure  of  the 
earth,  varies  slightly  in  intensity  from  the  poles  to  the  equator, 
may  be  determined  for  different  places  by  the  veloeity  of  a 


light,  which  is  concentrated  upon  the  first  hoard  would  he  diffused 
over  four  times  the  space,  if  suffered  to  fall  upon  the  second ; or  over 
nine  times  the  space  upon  the  third;  or  sixteen  times  iq)on  the  fourth. 
The  hoards  may  he  considered  (without  any  appreciable  error)  as 
similar  segments  of  spheres,  of  the  radii  of  their  several  distances. 
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standard  pendulum^  it  being  directly  proportional  to  the  squares 
of  the  number  of  vibrations  in  equal  times:  or,  as  the  lengths  of 
pendulums  are  inversely  proportionate  to  the  square  of  the 
number  of  their  vibrations  in  equal  times,  the  force  of  graAuty 
may  be  determined  for  any  place,  by  measuring  the  length  of 
the  jDendulum,  which  beats  seconds  at  that  place. 

§ 29.  Momentum  may  be  accumulated  to  an  enormous 
degree  in  very  large  masses  thus  suspended,  by  forces  which  at 
their  first  application  appear  to  be  totally  inadequate  to  move 
them.  By  making  repeated  impulses  coincide  in  time  and 
direction  with  the  first  minute  oscillations,  the  arc  will  gradually 
increase  until  a great  degree  of  velocity  is  produced;  and  the 
force  which  is  thus  stored  up  is  capable  of  producing  a corre- 
sponding concentrated  effect. 

§ 30.  According  to  the  first  law  of  gravity,  the  force  with 
which  the  earth  acts  upon  any  body  at  its  surface,  is  in  direct 
proportion  to  the  quantity  of  matter  which  it  contains:  hence 
the  measure  of  the  force  becomes  the  criterion  of  quantity:  and 
the  weight  of  a body  is  the  exact  amount  of  force,  expressed 
with  relation  to  some  known  standard,  which  is  just  sufiicient 
to  prevent  that  body  falling  to  the  ground.  The  commonest 
mode  of  ascertaining  this  is  to  oppose  the  known  effect  of  the 
gravity  of  certain  pieces  of  metal  which  have  been  compared 
with  some  conventional  standard  Avith  the  greatest  possible 
exactness,  to  the  unknown  gravity  of  the  substance  whose  weight 
or  quantity  of  matter  has  to  be  determined.  A pound  is  a mass 
of  matter  which  has  been  thus  adjusted;  and  the  common  busi- 
ness of  life  has  rendered  most  men  familiar  with  the  multiples 
and  sub-multiples  of  this  weight,  and  the  denominations  of  tons, 
hundred-weights,  ounces,  grains,  &c.,  which  have  been  con- 
ferred on  them.  The  standard  measure  of  this  countrj^  is  the 
imperial  gallon  of  277-274  cubic  inches,  (the  inch  itself  having 
reference  to  the  force  of  gravity,  or  the  length  of  the  pendulum 
vibrating  seconds,)  and  the  weight  of  pure  water  which  it  con- 
tains is  lOlbs.,  or  70^000  grains.  The  method  of  comparison, 
by  means  of  the  balance,  is  also  well  known. 

§ 31.  The  balance  consists  essentially  of  an  uniform 
inflexible  lever,  delicately  supported,  at  its  centre  of  gravity,  on 
a fine  knife-edge,  and  carrying  scale-pans  freely  suspended  from 
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points  in  the  same  horizontal  line  with  the  centre  of  gravity.  If 
the  Aveights,  or  quantities  of  matter^  in  each  be  equal,  tlie  one 
win  counterbalance  the  other,  and  the  beam  will  remain  hori- 
zontal; if  not,  the  heavier  wiU  preponderate.  Lightness  of 
construction,  and  freedom  of  motion,  are  secured  by  many  inge- 
nious contrivances,  upon  which  it  would  be  foreign  to  our  pre- 
sent purpose  to  dwell.  A good  balance  will  indicate  by  its  turn 
^ Q 1 P pth  or  -g-Q-^ooth  of  the  weight  which  it  is  designed  to  carry, 
and  wall  freely  move  with  the  difference  of  ®f  a grain. 

§ 32.  Equality  in  the  length  of  the  arms  of  the  lever  is, 
of  course,  the  most  important  consideration  in  the  construction 
of  the  balance;  but  when  there  may  be  any  reason  to  doubt  this 
essential  point,  it  is  well  to  know  that  aiiy  error  may  be  avoided 
by  the  method  of  double  weighing.  This  consists  in  placing  the 
object  whose  weight  is  to  be  ascertained  in  one  scale-pan,  and 
exactly  counterbalancing  it  in  the  other,  not  with  the  weights, 
but  Avith  sand  or  shot,  or  any  other  indifferent  substance.  It 
is  then  removed,  and  the  weights  applied  in  the  same  pan,  till 
the  coimterpoise  is  balanced.  By  this  contrivance  the  unknown 
quantity  of  matter  is  compared  with  the  known,  under  exactly 
equal  circumstances,  and  the  result  is  independent  of  almost 
eA’ery  source  of  error  which  can  affect  the  comparison  of  one 
object  Avith  another.  An  object  may  also  be  correctly  weighed 
in  an  incorrect  balance  by  changing  the  object  and  the  weights 
from  one  pan  to  the  other.  The  mean  of  the  two  weighings 
may  be  mathematically  proved  to  be  correct. 

§ 33.  The  second  law  of  gravity  has  little  to  do  with  the 
determination  of  weight,  and  for  this  purpose  may  safely  be  dis- 
regarded; for  any  variation  of  the  distance  from  the  centre  of 
the  earth,  at  which  we  may  carry  on  our  operations,  is  so  small, 
AAuth  regard  to  the  whole,  as  to  be  perfectly  insignificant,  although 
not  inappreciable  to  the  refinements  of  modern  science.  The 
mean  radius  of  the  earth,  or  the  distance  from  the  centre  to  the 
surface,  is  about  3,941  miles;  and  supposing  that  we  had  to 
determine  the  weight  of  an  object  on  the  summit  of  a mountain 
one  mile  in  height,  the  force  of  gravity  would  be  decreased  in 
the  ratio  3942*:  3941%  which  would  make  a difference  of  about 
one  ounce  in  a ton  weight.  This  difference  would  not  of  course 
be  apparent  in  the  usual  manner  of  weighing,  by  means  of  the 
balance;  for  the  decrease  of  gravity  would  affect  both  the 
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M^eight  and  the  object  to  be  weighed  in  the  same  degree;  but  it 
might  be  measured  by  the  opposition  of  another  force,  as  that  of 
elasticity.  A spring  which  would  be  bent  to  a certain  degree  by 
a ton  weight,  at  the  surface  of  the  earth,  wordd  require  a ton 
weight  and  one  ounce  to  bend  it  to  the^same  amount  on  the 
summit  of  the  mountain. 

§ 34.  Every  substance  in  nature,  occupying  a given 
space,  is  found  to  have,  under  the  same  circumstances,  a weight 
specific  or  peculiar  to  itself;  or,  in  other  words,  the  same  volume 
of  different  kinds  of  matter  contains  different  quantities  of 
matter.  The  comparative  weights  of  equal  bulks  of  different 
bodies  are  called  specific  gravities,  lliis  is  a very  important 
distinctive  property  of  matter,  and  one  to  which  the  chemist  has 
periietual  occasion  to  refer.  In  comparing  specific  gra\dties  it 
has  been  found  convenient  to  refer  them  to  a fixed  standard, 
and  water  has  been  generally  adopted  for  this  purpose,  as  being 
easily  procurable  in  most  times  and  places. 

§ 35.  The  mode  of  taking  the  specific  gravity  of  a liquid 
is  very  simple  and  easy  of  execution.  A small  stoppered  flask 
is  prepared  to  contain  exactly  1000  grains  of  pure  water;  this 
is  fiUed  with  the  hquid,  and  placed  upon  the  balance;  in  the 
opposite  pan  is  placed  the  counterpoise  of  the  bottle  when 
filled  with  water,  and  when  heavier  than  water  so  much  weight 
as  will  adjust  the  beam.  If  the  liquid  be  lighter  than  water  the 
weight  must  be  placed  in  the  same  pan  with  the  bottle. 

In  the  first  case  the  weight  in  grains  added  to  1000,  and  in 
the  second  case  deducted  from  1000,  will  give  the  specific  gra- 
vity sought.  Thus  the  same  bottle  which  held  1000  grains  of 
water,  was  found  to  contain  only  839  grains  of  spirits  of  wine; 
and,  taking  water  as  1,  the  specific  gravity  of  the  spirit  is  said 
to  be  0.839. 

§ 36.  It  would  be  impossible  thus  directly  to  compare  a 
given  volume  of  any  sohd  body  with  an  equal  volume  of  water; 
were  there  no  other  obstacle,  it  would  require  a nicety  of  mea- 
siuation  and  workmanship  which  would  be  quite  unattainable. 
But  the  same  end  may  be  obtained  with  perfect  accuracy  by 
means  which  are  easily  applied.  The  rule  is  to  weigh  the  sohd 
in  air  and  afterwards  in  water,  and  having  found  the  deficiency 
of  the  latter  weight,  to  divide  by  it  the  former,  and  the  quotient 
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will  be  the  required  specific  gravity.  Now  there  is  nothing 
more  injurious  to  the  progress  of  a student  in  any  science  than 
the  acquirement  of  such  rules  by  rote,  ufithout  a thorough  com- 
prehension of  the  principles  upon  which  they  are  founded;  they 
may  thus  be  rendered  available  for  mere  practical  purposes,  but 
they  are  utterly  useless  as  steps  in  his  advancement.  For 
instance,  how  many  thousand  persons  are  there  who  can  (to 
make  use  of  a common  expression)  work  the  rule  of  three,  with- 
out in  the  least  understanding  the  doctrine  of  proportion  upon 
which  it  is  fovmded  ? With  less  trouble  than  it  takes  them  to 
learn  and  recover  the  rule,  which  they  are  in  constant  danger  of 
forgetting,  they  might  attain  to  a knowledge  of  its  principles, 
which  would  not  only  be  of  general  application,  but  a help  to 
further  improvement.  A little  consideration  will  be  sufficient 
to  render  the  principles  of  the  above  process  perfectly  clear. 
When  a solid  is  wholly  immersed  in  water,  it  obviously  displaces 
a bulk  of  that  liquid  exactly  equal  to  its  own,  which  bulk  was 
supported  in  its  place  by  a pressure  from  the  surrounding  par- 
ticles equivalent  to  its  own  gravity:  this  may  be  easily  proved 
by  the  familiar  illustration  of  a bucket  in  a well.  When  the  full 
bucket  is  wholly  immersed  in  the  water,  it  requires  scarcely  any 
effort  to  draw  it  to  the  surface;  but  the  moment  it  rises  above 
the  water  the  weight  of  the  water  is  felt,  being  no  longer  sup- 
ported by  the  surrounding  liquid.  In  the  process,  therefore,  of 
taking  specific  gravities,  the  solid  immersed  must  also  be  sup- 
ported Ijy  the  surrounding  water  with  a force  exactly  equal  to 
the  weight  of  the  water  which  it  has  displaced,  and  thus  the 
difference  of  its  weight  in  water  from  that  of  its  weight  in  air 
must  be  the  weight  of  an  equal  bulk  of  water.  The  direct  com- 
parison of  the  substance  with  water  having  been  thus  effected,  a 
number  bearing  the  same  ratio  to  unity  is  easily  found  by  the 
rule  of  proportion,  and  this  will  be  the  specific  gravity.  An 
example  may,  perhaps,  render  this  more  clear.  A lump  of 
glass  is  found  to  weigh  in  air  577  grains;  it  is  delicately  sus- 
pended by  a horse-hair  from  the  bottom  of  the  scale-pan,  and 
immersed  in  a vessel  of  pure  water,  it  is  found  to  weigh  399.4 
grains;  the  loss,  therefore,  or  the  weight  of  an  equal  bulk  of 
water,  is  177.6  grains;  then  177-6  : 1 ::  577  ' 3.2;  the  working 
of  which  sum  resolves  itself  into  the  division  of  the  third  term 
by  the  first,  or  of  the  weight  in  air  by  the  loss  in  water,  accord- 
ing  to  the  rule.  The  quotient  3.2  being  the  specific  gravity  of 
the  glass. 
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Solid  bodies,  lighter  than  water,  such  as  cork,  may  be 
weighed  by  attaching  them  to  a mass  of  metal,  or  glass,  pre- 
viously balanced  in  water  for  that  purpose,  whieh  may  cause 
them  sink,  and  then  proceeding  with  the  combined  mass  as 
before. 


§ .sy.  The  same  principles  may  be  applied  to  ascertain 
the  specific  gravity  of  liquids,  instead  of  the  specific-gravity 
bottle  5 for  as  a bulb  of  glass  immersed  in  water  is  buoyed  up 
by  a force  equivalent  to  the  weight  of  an  equal  bulk  of  water; 
so  when  immersed  in  any  other  liquid,  it  will  be  supported  by  a 
pressure  equal  to  the  weight  of  a similar  bulk  of  that  liquid. 
Thus  the  mass  of  glass  which  lost  177-6  grains  by  immersion  in 
water,  was  found  to  lose  only  149  grains  by  being  plunged  into 
the  spirits  of  wine,  and  their  two  amounts  are  consequently 
the  weights  of  equal  bulks  of  water  and  spirit ; therefore 
177*6  : 1 : : 149  : 0.839,  the  specific  gravity  of  the  spirit. 

§ 38.  It  is  upon  the  same  principle  that  the  specific 
gravities  of  liquids,  which  do  not  differ  much  from  one  another, 
may  be  determined  by  the  hydrometer  (2).  This  instrument 
consists  of  a hollow  ball  of  glass,  or  metal,  with  a weight  below  it, 
and  a slender  stem  above,  divided  into  a certain  number  of 
degrees  by  marks ; in  pure  water  it  is  adjusted  to  float  to  a 
particular  mark;  that  part  of  the  stem  which  is  out  of  the 
liquid  acts  as  a weight  to  keep  it  in  its  place.  When  immersed 
in  a lighter  liquid,  such  as  spirit,  the  lateral  pressure  is 
diminished,  and  not  being  sufl&cient  to  support  the  same 
weight  as  before,  the  instrument  sinks,  till  a portion  of  the 


(2)  The  annexed  figure  represents  Sikes’s  hydro- 
meter. A,  is  a brass  ball,  into  which  a conical  stem,  f, 
is  inserted,  terminating  in  a loaded  hall,  b;  at  d a flat 
stem  is  inserted,  which  is  graduated  into  eleven  equal 
parts,  each  of  which  is  subdivided  into  two;  eight  cir- 
cular ■weights,  E,  are  adjusted  to  the  instrument,  in 
which  a slit  is  cut,  so  as  to  admit  the  slender  part  of 
the  lower  stem  into  the  hole  in  the  centre  of  the  weight; 
their  use  is  to  adapt  the  instrument  to  liquids  heavier 
than  water.  A set  of  tables  are  furnished  wdth  the 
instrument,  by  which  the  specific  gravity  of  a spirit  is 
easily  ascertained  after  an  observation  of  the  degree 
upon  the  stem  to  which  it  sinks. 
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stem  becoming  immersed,  its  weight  is  decreased,  a larger 
volume  of  the  liquid  is  displaced  and  the  balance  again  restored. 
Sometimes  the  instrument  is  adjusted  to  different  liquids  by 
moveable  weights,  while  the  graduations  of  the  scale  are  made 
to  express  the  specific  gravities  by  the  degree  to  which  it 
sinks. 


§ 39.  From  what  has  been  said,  it  will  upon  reflection 
be  clear,  that  when  in  ordinary  circumstances  a bulky  body  is 
counterpoised  by  a weight  of  very  dense  matter,  an  allowance 
ought  to  be  made  for  the  unequal  buoyancy  of  the  air;  and  this 
may  be  rendered  evident  by  balancing  a piece  of  cork  with  a 
counterpoise  of  metal,  and  afterwards  placing  them  in  a space 
devoid  of  air,  when  the  former  will  preponderate.  If  the 
volume  of  the  cork  were  2.5  cubic  inches,  it  would  require 
nearly  half  a grain  to  restore  the  balance,  this  being  about  tlie 
difference  of  the  weights  of  the  air  which  the  two  bodies 
displaced.  For  ordinary  purposes  the  effect  is  too  small  to 
require  to  be  taken  into  consideration,  but  in  nice  scientific 
investigations,  sueh  as  the  determination  of  the  weight  of  gases, 
it  is  often  estimated. 

But  the  force  with  which  a body  is  attracted  to  the  earth, 
and  consequently,  the  quantity  of  matter  which  it  contains, 
may  be  measured  by  opposing  to  it  other  forces  than  that  of 
gravity.  We  can  even  roughly  judge  of  different  weights  by 
the  different  degrees  of  muscular  exertion  necessary  to  support 
them;  and  we  have  already  had  occasion  to  refer  to  a method 
of  estimating  them  by  the  compression  of  a spring.  This 
observation  will  naturally  lead  us  to  the  consideration  of  our 
next  force;  namely,  elasticity. 

III.  ELASTICITY— THE  ATMOSPHERE. 

§ 40.  The  immediate  resistance  of  a body  to  compres- 
sion, or  extension,  is  properly  called  its  elasticity.  It  has  been 
exemplied  by  the  sensible  effort  of  a compressed  spring,  and  a 
bent  bow,  to  recover  from  their  forced  state  of  flexure.  It  is 
directly  proportionate  in  perfectly  elastic  bodies  to  the  com- 
pressing force;  and  this  is  the  law  of  its  action.  If  a bow  be 
dravm  to  a certain  extent  by  a seven  pounds  weight,  it  will  l)e 
drawn  to  double  that  extent  by  fourteen  pounds;  and  upon  tliis 
principle  various  spring-balances  have  been  contrived. 
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The  kind  of  elasticity  to  which  we  have  hitherto  referred 
arises  from  a force  longitudinally  applied,  and  a partial  dis- 
placement of  the  particles  of  a solid  in  length,  and  is  denomi- 
nated ; a second  kind  consists  in  the  lateral  displacement 

of  the  opposite  parts  of  a solid,  in  opposite  directions,  the 
central  parts  only  remaining  in  their  natural  state,  and  is  called 
torsion  or  twisting.  Elasticity  thus  elicited  may  be  very  accu- 
rately measured  by  the  angular  displacement;  the  angle  of 
torsion  being  exactly  proportionate  to  the  degree  of  elasticity. 
Balances  of  the  greatest  delicacy  have  been  constructed  upon 
this  principle,  for  the  estimation  of  minute  degrees  of  force. 

But  solid  bodies  are  only  more  or  less  elastic  within  certain 
limits;  the  operation  of  forces  beyond  these  liiuits  first  produces 
a permanent  alteration  or  change  of  figure,  which  is  called 
setting,  and  afterwards  fracture.  The  most  perfect  examples  of 
elasticity  are  afforded  by  aeriform  bodies,  and  the  atmosphere 
which  surrounds  us  furnishes  a beautiful  illustration  of  the 
equihbrium  of  this  force  and  gravity,  a correct  understanding  of 
which  is  of  the  greatest  importance. 

§41.  With  regard  to  matter  in  the  aeriform  state, 
common  experience  is  by  no  means  sufficient,  as  with  solids 
and  liquids,  to  teach  us  how  to  collect,  confine,  or  weigh  it; 
and  it  was  not  till  the  time  of  Galileo  (or  early  in  the  seven- 
teenth century,)  proved  that  the  air  had  a definite  weight  and 
pressure;  and  it  was  some  time  after  this  that  Dr.  Priestley 
contrived  the  simple  means  which  are  still  in  use  for  experi- 
menting with  such  fluids.  Aristotle  indeed  appears  to  have 
happily  guessed  the  truth;  and  Plutarch  informs  us  that  he 
assigned  the  gravity  of  air  to  be  between  that  of  fire  and  earth; 
but  the  surmise  appears  to  have  led  to  no  particular  con- 
sequences, and  to  have  been  forgotten. 

§ 42.  If  we  take  a bell-glass  and  press  it  with  its  mouth 
downwards  into  a deep  vessel  of  water,  we  find  a strong  resis- 
tance to  its  descent,  which  arises  from  the  body  of  air  confined 
beneath  it;  as  we  press  upon  it  more  and  more,  we  feel  a 
stronger  and  stronger  opposition  or  repulsive  force;  the  water 
rises  further  into  the  interior,  and  the  air  occupies  a less  space; 
as  we  withdraw  the  pressure,  it  returns  to  its  former  bulk,-  and 
totally  displaces  the  water.  Hence  we  may  learn  that  the  air  is 
elastic,  like  the  spring  to  which  we  have  just  referred;  and  we 
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can  roughly  estimate  by  our  feeling  that  its  elasticity  increases 
in  proportion  to  the  force  with  which  it  is  compressed.  We 
learn  likewise  from  the  same  simple  experiment  that  the  volume 
decreases  with  the  increase  of  pressure.  The  law  of  its  elasticity 
was  originally  deA^eloped  by  Boyle,  but  Mariotte  more  accurately 
determined  by  experiment  that  the  volume  of  air  was  always 
inversely  as  the  pressure  (3).  Elastic  fluids  of  this  nature  always 
occupy  the  whole  of  any  vessel  in  which  they  may  be  contained, 
whatever  their  quantity  of  matter  may  be,  as  determined  by  their 
weight;  liquids  or  fluids  devoid  of  this  power  of  elasticity,  in 
vessels  which  they  do  not  fill,  always  present  a level  surface, 
— i.  e.,  a surface  parallel  to  the  general  surface  of  the  globe. 
This  is  determined  by  gravity,  the  law  of  which  they  are  free  to 
obey,  unopposed  by  any  counteracting  force;  the  surface  of  an 
elastic  fluid  is  always  coincident  with  that  of  the  containing  vessel 
in  which  it  is  confined. 


§ 43.  If  we  take  a strong  tube  or  barrel  of  metal  or  glass, 
closed  at  one  end,  and  closely  fitted  at  the  other  with  a piston,^'<^y 
or  moveable  plug  of  leather,  which  will  not  allow  of  the  passage'll 
of  air  at  its  sides,  on  pressing  it  downwards  we  shall  find  the  I * V 
same  kind  of  increasing  resistance  from  the  included  air,  as  in 
the  case  of  the  bell-glass  under  w^ater.  This  elastic  force  may  be 
made  to  perform  mechanical  wmrk;  and  if  the  piston  be  per- 
forated, and  the  perforation  be  covered  with  a valve,  or  little 
door,  opening  upwards,  as  we  press  it  down  the  elasticity  of  the 
air  wiU  raise  the  valve  and  allow  it  to  escape,  and  the  piston 
will  freely  descend.  If  w^e  attempt  again  to  draw  the  piston  up. 


(3)  This  figure  represents  the  form  of  Mariotte’s  expe- 
riment. A B is  a glass  tube,  turned  up,  and  closed  at  the 
end,  c;  it  is  divided  and  graduated  into  equal  parts;  mer- 
cury is  poured  into  it,  so  as  to  occupy  the  lower  part  of  the 
tube  to  the  first  horizontal  line,  and  a portion  of  air  is 
inclosed  at  c,  of  the  ordinary  elasticity,  which  it  will  he 
hereafter  seen  is  equal  to  the  pressure  of  about  thirty  inches 
of  mercury.  If  more  mercury  be  now  jioured  into  the 
longer  leg,  so  that  it  may  stand  at  thirty  inches  above  the 
level  of  the  mercury  in  the  shorter  leg,  it  will  press  with  its 
whole  weight  upon  the  included  air,  which  will  then  he 
found  to  occupy  only  half  its  former  space.  If,  in  like 
manner,  the  column  of  mercury  he  increased  to  twice  this 
length,  the  pressure  upon  the  included  air  will  he  tripled, 
and  the  space  occupied  by  it  will  he  reduced  to  one- 
third,  &c. 
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we  shall  feel  a strong  opposition  in  the  contrary  direction.  As 
the  piston  rises,  an  empty  space  is  left  between  it  and  the 
bottom  of  the  barrel;  for  the  exterior  air,  in  attempting  to  pass 
in,  by  its  elastic  force  firmly  closes  the  valve.  If  by  strong 
muscular  force  we  succeed  in  drawing  the  piston  up,  upon 
discontinuing  the  effort  it  will  be  forced  down  again  to  the 
bottom  by  the  exterior  pressure.  Let  us  suppose  now  the 
bottom  of  the  barrel  to  be  fitted  with  the  same  kind  of  valve  as 
the  piston;  as  the  latter  ascends,  the  elasticity  of  the  portion 
of  air  included  in  any  vessel  with  vdiich  it  may  be  connected 
will  raise  the  valve,  and  the  air  will  flow  into  the  barrel:  when 
the  piston  is  again  forced  down,  this  valve  will  be  closed  by  the 
force  above  it,  and  the  included  air  will  again  pass  oflF  through 
the  piston-valve,  and  we  can  repeat  this  operation,  gradually 
withdrawing  barrel-full  after  barrel-full  of  air  from  any  vessel 
till  the  residual  air  becomes  so  reduced  as  not  to  have  elastic 
force  enough  to  raise  the  valve.  Two  such  barrels  so  fitted  with 
jiistons,  with  a mechanical  apparatus  for  alternately  raising  and 
depressing  them,  constitute  the  essential  parts  of  the  air-pump  (4). 

(4)  a and  h in  the  adjoining  figure  represent  the  cylinders,  in 
which  the  pistons,  c and  d,  are  accurately  fitted;  at  the  bottoms  of  the 
cylinder  are  the  valves  A,  h,  opening  upwards;  and  in  each  piston  is  a 
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§ 44.  Now  if  we  take  a thin  glass  globe  or  flask,  fitted 
with  a stop-cock,  we  may  by  these  means  exhaust  it  of  the 
greatest  part  of  the  air  which  it  contains,  and  equipoise  it  upon 
the  balance.  Upon  opening  the  stop-cock,  air  will  rush  into 
the  empty  vessel,  and  it  will  preponderate;  and  it  will  require  a 
considerable  weight  in  the  opposite  scale  to  restore  the  equili- 
brium. To  ascertain  the  exact  weight  of  any  given  volume  of 
air,  it  will  be  necessary  to  measure  it,  and  this  we  cannot  do  by 
measuring  the  capacity  of  the  globe,  for  the  best  air-pump  will 
always  have  a residual  quantity  after  exhaustion;  but  by  con- 
necting the  exhausted  vessel  with  an  accurately  graduated  jar 
(5),  standing  upon  the  water-bath  (6)  the  air  may  be  made  to 
enter  from  the  latter,  and  the  rise  of  the  water  into  the  jar  will 
indicate  the  exact  quantity  which  has  been  thus  abstracted. 
By  careful  experiments,  conducted  upon  this  principle,  it  has 
been  found  that  100  cubic  inches  of  atmospheric  air,  under 
standard  circumstances,  to  which  we  must  hereafter  advert  more 
particularly,  weigh  31  grains, — or  815  times  Jess  than  an  equal 
bulk  of  water.  We  shall  find  that  there  are  many  different 
kinds  of  aeriform  matter,  differing  very  greatly  in  their  specific 
gravities:  this  is  the  mode  by  which  they  may  be  ascertained, 
and  atmospheric  air  is  the  standard  to  which  they  are  all 
referred,  just  as  the  specific  gravities  of  solids  and  liquids  are 
compared  with  water. 


valve,  g,  g,  also  opening  upwards;  the  bottoms  of  the  cylin- 
der are  connected  by  a tube,  e,  with  the  pump -plate,  upon 
which  stands  the  bell-glass,^;  in  the  Cj  Under  a,  the  piston 
is  represented  in  the  act  of  ascending,  when  the  valve  g is 
closed,  and  a vacuum  would  be  formed  beneath  the  piston, 

Imt  for  the  opening  of  the  valve  /i,  by  the  elasticity  of  the 
air  in  the  receiver.  In  the  cylinder  6,  the  piston  is  in  the  act 
of  descending  when  the  valve  h is  closed,  and  the  valve  g 
open,  by  which  all  the  air  in  the  cylinder  is  forced  out; 
and  in  this  manner  a portion  of  the  air  is  withdrawn  from 
the  receiver,  /,  at  every  stroke  of  the  pump. 

(5)  a represents  the  air-jar,  graduated  into  cubic 
inches,  and  parts  of  a cubic  inch ; b,  the  glass  balloon ; each 
IS  fitted  with  a stop-cock,  and  connecting-piece. 

(6)  The  most  convenient  table  for  collepting  or  transferring 
gases  is  Iiere  represented:  a is  the  wooden  stand  which  holds  the 
water-bath,  which  consists  of  a deep  well  at  6,  in  which  the  jars  may 
be  filled  with  water,  and  a shallow  shelf,  upon  which,  when  inverted, 
they  may  be  placed;  at  c ajar  is  represented  standing  over  a groove. 
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In  the  following  table  are  inclncled  the  weight  of  100  cubic 
inches  of  the  lightest  and  heaviest  knovni  forms  of  matter:  of 
the  same  quantity  of  atmospheric  air:  and  of  water  in  its  three 
physical  states.  The  specific  gravity  of  each,  compared  with  air 
and  water,  is  also  shown. 


Table  I.  Of  Specific  Ch'avities. 


Weights. 

Sjieeific  Gravity, 
Air  1. 

Specific  Gravity, 
Water  1. 

Cubic  Inches. 

Hydrogen  . 100 

Grains. 

2.138 

0.0694 

0.0000846 

Air  . 

100 

31.000 

1.0000 

0.0012277 

Steam 

100 

19.220 

0.6240 

0.0007611 

Ice 

100 

23735.000 

765.0000 

0.9400000 

Water 

100 

25250.000 

814.0000 

1.0000000 

Platinum  . 

100 

542875.000 

17512.0000 

21.5000000 

§ 45.  The  weight  or  pressure  of  the  atmosphere  was 
first,  however,  demonstrated  in  a different  way  by  a celebrated 
Italian  philosopher,  named  Torricelli,  in  the  year  1643.  His 
attention  was  drawn  to  the  subject  by  the  attempt  of  a weU- 


by  which  the  gas,  disengaged  from  the  retort,  is  conducted  into  it. 
The  gas  gradually  rises  in  bubbles,  by  its  levity,  and  displaces  the 
water. 
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35 


digger,  at  Florence,  to  raise  water  by  a sucking-pump  to  a 
height  exceeding  33  feet.  The  rise  of  water  in  a tube,  by  these 
mean.s,  had  up  to  that  time  been  ascribed  by  philosophers  to 
Nature’s  abhoi'i'ence  of  a vacuum.  Nor  ought  we,  in  the  pride 
of  more  advanced  knowledge,  to  sneer  at  this  explanation, 
which  fulfilled  for  a long  time  all  the  legitimate  purposes  of  an 
hypothesis.  It  connected  together  a number  of  isolated  facts, 
such  as  those  of  the  pump,  of  suction,  &c.  It  will  be  well 
for  the  philosophers  of  the  present  day  if  some  of  their  hypo- 
theses regarding  imponderable  fluids,  which  constitute  valuable 
parts  of  the  scaffolding  of  science,  stand  the  test  of  ridicule 
better  than  the  one  in  question.  The  well-digger  failed  in  his 
enterprise,  and  applied  to  Torricelli  for  advice;  who,  seeing  the 
absurdity  of  the  conclusion  that  Nature  only  abhorred  a vacuum 
to  the  extent  of  33  feet,  suspected  that  the  cause  of  the  ascent 
of  water  in  the  pump-pipe  might  be  the  pressure  of  the  atmo- 
sjjhere;  and  that  a column  of  water  of  about  the  height  men- 
tioned, was  sufficient  to  equipoise  the  air  (7).  He  concluded 
that  if  this  were  the  case  it  would  only  support  a shorter  column 
of  any  denser  fluid,  and  he  immediately  had  recourse  to  experi- 
ment to  confirm  his  conjecture.  He  filled  a glass-tube,  three 
feet  long  and  closed  at  one  end,  with  quicksilver,  and  inverted 
it  in  a basin  of  the  same  fluid;  it  immediately  sank  about  six 
inches  from  the  top  of  the  tube;  proving  that  the  pressure  of 
the  atmosphere  which  could  support  a column  of  water  of  about 
33  feet  in  height,  could  only  support  a column  of  mercury  of  30 


(7)  The  annexed  figure  represents  tlie  construc- 
tion of  the  common  sucking-pump:  a,  b,  is  the  barrel 
fitted  with  a piston,  in  which  is  a valve  at  a,  opening 
upwards;  another  valve,  e,  at  the  bottom  of  the  barrel, 
also  opening  upwards,  closes  the  communication  with 
the  pipe,  b d,  which  descends  below  the  level  of  the 
water,  m n.  As  the  piston  rises,  a partial  vacuum  is 
formed  beneath  it,  and  the  superior  elasticity  of  the 
exterior  atmosphere  pressing  upon  the  water,  m n, 
forces  it  to  ascend  into  the  pipe  from  d to  c.  The 
descent  of  the  piston  closes  the  valve  e,  forces  out 
another  portion  of  the  air  through  the  valve  a,  and 
upon  its  return  the  valve  e again  opens,  and  the 
water  is  forced  past  it  into  the  barrel.  Another 
stroke  of  the  pump  drives  the  water  past  the  valve  a 
also,  and  lifts  it  into  the  reservoir  n a,  from  which  it 
flows,  through  the  aperture  p. 
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inches^  the  height  of  the  columns  being  in  exact  proportion  to 
the  specific  gravities  of  the  two  liquids,  or  as  13^  to  1 (8). 


§ 46.  Thus  was  invented  that  useful  instrument  the 
barometer ; for  a tube  fiUed  with  due  precautions  wholly  to 
exclude  the  air,  and  accurately  adjusted  to  a scale  for  the  pur- 
pose of  measuring  the  exact  height  of  the  column  from  the  sur- 
face of  the  mercury  in  the  cistern,  constitutes  the  essential  part 
of  this  simple  but  highly  ingenious  contrivance  (9).  In  con- 
firmation of  the  principles  upon  which  it  had  been  constructed, 
it  was  soon  observed  that  upon  ascending  a hiU  the  qiaicksilver 
fell  in  the  tube;  obviously  because  the  column  of  air  was 
shortened  which  supported  it.  This  observation  was,  not  long 
after,  applied  to  the  measurement  of  heights. 

The  gravity  and  elasticity  of  the  atmosphere  react  upon  one 
another  in  such  a way  that  the  space  which  the  same  absolute 
weight  of  air  occupies  at  different  heights,  must  be  the  measure 
of  both.  If  we  suppose  it  divided  into  strata  of  equal  weight 
from  the  top,  the  first  stratum  wiU  press  downwards  with  the 


(8)  H B,  represents  a tube,  which  having  been 
filled  with  mercury,  and  closed  with  the  fingei-,  has 
been  inverted  carefully  beneath  the  surface,  n c,  of  the 
mercury  in  the  glass  basin,  dope.  Upon  removal 
of  the  finger  from  b,  the  mercury  has  fallen  in  the 
tube  from  n to  g,  the  column  of  mercuiy,  a g,  being 
the  exact  equipoise  of  the  elasticity  of  the  atmosphere 
at  the  time  of  the  experiment. 


(9)  In  this  figure  is  represented  the  mode  by  which 
the  fluctuations  of  the  height  of  the  mercurial  column,  f 
B,  are  indicated  by  the  index  upon  the  dial-plate,  n l,  in 
the  common  w'heel-barometer;  a glass  weight,  e,  attached 
to  a thread,  passing  round  a pulle}',  to  which  the  index  is 
fixed  at  B,  and  nearly  counterpoised  at  n,  is  allowed  just 
to  rest  upon  the  surface  of  the  mercury  in  the  open 
siphon  end  of  the  tube  at  a ; it  consequent!}'  rises  and 
falls  as  the  column,  b e,  becomes  longer  and  shorter,  and 
the  motion  of  the  thread  turns  the  pullej',  and  moA'cs  the 
index  through  the  arc  of  a graduated  circle. 
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whole  of  its  own  weight,  but  by  nothing  more;  the  second  will 
press  downwards  by  its  own  weight,  and  will  be  compressed  by 
tlie  weight  of  the  first  in  addition;  a third  will  have  to  support 
its  own  weight  and  the  weight  of  the  two  preceding;  a fourth 
udll  be  compressed  by  three,  and  so  on,  each  stratum  Ijeing 
compressed  by  the  whole  thickness  of  the  one  above  it.  Thus 
the  density  of  the  atmosphere  must  decrease  in  a geometrical 
progression,  in  ascending  through  equal  heights  to  its  upper 
regions;  and  will  be  measured  by  corresponding  diminished 
heights  of  the  column  of  mercury  in  the  barometer.  Supposing 
the  length  of  the  equiponderant  column,  at  any  given  time,  to 
be  30  inches  at  the  level  of  the  sea,  and  the  temperature 
to  be  at  the  freezing  point  of  water  and  to  remain  constant 
throughout,  at  the  height  of 

5,000  feet  it  would  be  ....  24.797  inches. 

10.000  „ „ 20.499  „ 

15.000  ,,  ,,  16.941  ,, 

20.000  „ „ 14.000  „ 

§ 47.  The  mean  height  of  the  barometer  at  the  level  of 
the  sea  is  very  nearly  30  inches;  but  a very  little  observation 
will  prove  that  it  is  subject  to  perpetual  oscillations  within  the 
limits,  in  this  countr}^,  of  about  two  inches  and  a half;  these  are 
dependent  upon  agencies  which  we  will  endeavour  to  develope 
at  a more  advanced  period  of  our  inquiry.  We  may  at  once, 
however,  remark,  that  the  existing  pressure  of  the  atmosphere 
regulates  the  elasticity  of  every  portion  of  aeriform  matter 
inclosed  in  jars  or  bell-glasses  inverted  over  water,  or  any  other 
liquid.  If  such  a glass  be  carefully  turned  down  upon  the 
water-bath,  so  that  the  water  may  stand  at  the  same  level  both 
inside  and  out;  it  is  clear  that  it  will  inclose  a portion  of  the 
atmosphere  of  the  existing  elasticity:  supposing  the  glass  to 
have  been  fiUed  with  water,  and  afterwards  with  any  elastic  fluid 
thrown  up  into  it,  by  that  kind  of  upward  decantation  by  which 
air,  from  its  comparative  levity,  may  be  made  to  displace  the 
heavier  fluid,  its  elasticity  must  be-  governed  by  the  same  exte- 
rior pressure.  It  is  necessary,  therefore,  to  take  the  amount  of 
this  variable  pressure  into  consideration,  in  taking  the  weight  of 
any  air  by  the  process  previously  described  (§  44),  and  to 
assume  some  fixed  pressure  to  which  they  may  all  be  referred  in 
taking  their  specific  gravities.  This  standard  pressure  is  30 
inches  of  mercury,  and  nothing  can  be  more  simple  than  the 
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calculation  by  which  observations  made  under  any  other  pres- 
sure may  be  reduced  to  this  standard:  the  law  being  kept  in 
mindj  that  the  weight  is  always  directly,  and  the  volume 
inversely,  proportionate  to  the  pressure.  Suppose,  for  instance, 
that,  with  the  barometer  at  29  inches,  we  had  found  the  weight 
of  100  cubic  inches  of  air  to  be  29.9  grains,  and  wished  to 
know  what  the  weight  would  be  at  standard  pressure — by  the 
rule  of  proportion  we  shall  find,  29  : 30  : : 29.9  : 30.903.  Or, 
suppose  that  we  had  measured  100  cubic  inches  of  air,  at  29 
inches,  and  wanted  to  know  what  the  volume  woiild  be  at  30 
inches,  we  shall  have  30  : 29  : : 100  : 96.6. 

§ 48.  In  measuring  gases  over  the  water,  or  mercurial 
baths  (10),  it  is  also  necessary  to  take  care  that  the  liquid 


(10)  The  mercurial  bath  is  here  represented,  by  Avhich  gases 
which  are  liable  to  be  absorbed  by  water  may  be  collected  and  trans- 
ferred; it  is  constructed  of  iron:  a is  the  shallow. part  of  the  bath, 
and  b the  well  for  filling  the  jars;  c is  a glass  jar,  serving  the  purpose 
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within  and  without  the  vessel  may  stand  at  the  same  level;  and 
where  this  cannot  be  effected  by  plunging  it  into  the  deeper 
part  of  the  bath,  the  difference  of  level  must  be  measured,  and 
the  following  simple  correction  applied.  Suppose  a quantity  of 
air  confined  over  mercury,  the  level  of  which  stands  higher  by 
two  inches  within  the  jar  than  without,  it  must  be  obvious  that 
the  pressure  of  the  atmosphere  balances  not  only  the  elasticity 
of  the  included  air,  but  the  weight  of  the  mercury  within  the 
jar;  the  elasticity  of  the  air  must  therefore  be  less  than  that  of 
the  atmosphere  at  the  time,  by  an  amount  of  which  the  dif- 
ference of  the  level  is  the  measure;  under  the  circumstances,  two 
inches  must  be  deducted  from  the  height  of  the  barometer,  and 
the  correction  for  pressure  applied  as  before.  Should  the 
difference  of  level  occur  with  water,  it  may  be  reduced  to  the 
corresponding  difference  of  mercury,  by  dividing  it  by  13.5,  the 
difference  of  the  specific  gravities  of  the  two  liquids  (11). 

§ 49.  And  now  we  may  describe  a beautiful  and  convenient 
process  of  Sir  J.  Leslie,  for  taking  the  specific  gravity  of  such 
solid  substances  as  are  porous,  like  charcoal,  or  in  powder  like 


of  a reservoir.  It  may  be  filled  with  any  gas,  by  first  pressing  it  down 
into  the  cylinder,  in  which  is  an  iron  core,  the  interval  between 
which  and  the  exterior  case  is  filled  with  mercury,  and  then  allowing 
the  gas  to  rise  into  the  small  bell-glass  placed  in  the  basin  of  mercury, 
at  d,  A jar,  partially  filled  with  gas,  is  represented  at  a. 

(11)  The  rarefaction  of  the  air  in  any  vessel  connected  with  the 
air-pump,  may  be  measured  by  gauges,  acting  upon  the  principle  of 
the  barometer.  In  figure  4 (page  32),  k represents  a barometer-tube, 
opening  under  the  i-eceiver,  y,  and  dipping  at  its  lower  end  into  an 
open  cistern  of  mercury.  As  the  air  under  the  receiver  becomes  rai'e- 
fied,  the  superior  elasticity  of  the  atmosphere  raises  up  a column  of 
mercury,  which,  upon  the  supposition  of  the  total  abstraction  of  air, 
would  stand  at  the  same  height  as  the  barometer.  The  difference 
between  the  two,  measured  upon  a scale  of  inches,  indicates  the 
elasticity  of  the  residual  air.  The  siphon-gauge,  at  i,  does  not  begin 
to  act  till  the  rarefaction  has  been  carried  on  to  a very  great  extent. 
The  upper  part  of  the  siphon  is  filled  with  mercury  by  boiling,  which 
is  kept  in  its  place  by  the  pressure  of  the  air;  when  this  is  diminished 
to  such  a degree  ns  not  to  be  able  to  support  a column  of  mercury 
equal  in  height  to  the  upright  part  of  the  tube,  it  begins  to  fall  away 
from  the  top,  and  to  rise  in  the  parallel  leg  of  the  siplmn,  and,  as  the 
equality  of  these  two  columns  would  denote  a j)erfect  vacuum  above 
each,  the  elasticity  of  the  air  in  the  receiver,  with  which  the  instru- 
ment is  connected,  is  measured  by  their  difference. 
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sand,  and  which  is  founded  upon  the  properties  of  atmospheric 
air.  The  only  preeautions  neeessary  to  be  taken,  are  to  prevent 
the  existence  of  cavities  uneonnected  with  the,  air,  or  which 
may  be  so  small  as  to  have  the  property  of  absorbing  gases. 
The  apparatus  consists  of  a glass  tube  about  3 feet  long,  and 
open  at  both  ends;  one  third  of  its  length  is  about  -j^ths  of  an 
inch  in  diameter,  and  two-thirds  do  not  exceed  ^ths  of  an  inch; 
the  narrower  and  the  wider  parts  are  connected  together  by  an 
extremely  fine  slit,  which  suffers  air  to  pass  but  retains  any 
sand  or  powder.  The  wider  end  or  mouth  of  the  apparatus  is 
ground  flat,  and  can  be  shut  so  as  to  be  air-tight  by  a ground 
glass  plate  (12).  The  substance  to  be  proved,  suppose  sand,  is 
put  into  the  wide  part  of  the  tube,  which  being  held  in  a 
vertieal  position  is  to  have  its  narrow  extremity  immersed  in 
mereury  till  the  metal  rises  to  the  division  between  the  two. 
Tlie  lid  is  then  to  be  fitted  on  air-tight.  In  this  state  it  will  be 
evident  that  there  ean  be  no  air  in  the  tube,  except  that  mixed 
with  the  sand  in  the  upper  eavity.  If  the  barometer  stand  at 
30  inches  and  the  tube  be  lifted  perpendieularly  till  the  mercury 
stand  at  15  inches  above  its  surfaee  in  the  containing  vessel,  it 
is  obvious  that  the  air  in  the  inside  will  be  subjeeted  to  a 
pressure  of  only  half  an  atmosphere,  and  of  eourse  will  dilate 
and  fiU  preeisely  twice  the  space  it  originally  oecupied,  and  half 
the  quantity  contained  in  the  sand  will  be  transferred  into  the 
narrow  part  of  the  tube.  The  space  which  it  will  here  oceupy 
will,  of  course,  be  exaetly  the  same  as  twice  the  quantity  under 
double  pressure:  or,  in  other  words,  we  have  measured  in  the 
narrow  tube  the  bulk  of  the  air  originally  eontained  in  the 
powder. 

Now  let  the  sand  be  removed,  and  the  experiment  repeated 


a 


(12)  abode,  represents  the  long  glass  tube,  the 
wide  part  of  which  extends  from  a to  b;  J"  is  the  glass 
plate  fitted,  by  grinding,  to  the  mouth,  a;  x is  the  glass 
jar  for  holding  the  mercury. 
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with  the  larger  cavity  filled  with  air  alone.  It  is  obvious  that 
the  quantity  being  greater^  it  will  when  dilated  to  double  the 
bulk  under  a pressure  of  15  inches,  occujDy  a larger  space,  which 
will  be  measured  upon  the  tube;  but  the  expanded  air  in  the 
narrow  tube  will  always  occupy  exactly  the  same  space  which 
the  whole  occupied  at  the  ordinary  atmospheric  pressure;  hence 
the  difference  between  the  two  spaces  will  be  equal  to  the  bulk 
of  the  solid  matter  in  the  sand.  Now  by  marking  the  number 
of  grains  of  water  held  by  the  narrow  tube  on  a graduated  scale 
attached  to  it,  we  can  find  at  once  wdiat  is  the  weight  of  a 
quantity  of  water  equal  in  bulk  to  the  solid  matter  contained 
in  the  sand;  by  comparing  this  with  the  weight  of  the  sand  we 
shall  have  its  true  specific  gravity. 

§ 50.  The  atmosphere  presses  upon  the  surface  of  the 
earth,  and  upon  the  surfaces  of  all  bodies  which  are  plunged 
into  it,  with  the  same  force  as  that  by  which  it  supports  the 
mercury  in  the  barometer;  and  a column  of  mercury,  30  inches 
in  height,  w'hose  base  is  one  square  inch,  would  w^eigh  about 
15  lbs.;  and  wmuld  press  upon  the  earth  with  the  same  force: 
every  body,  therefore,  upon  the  surface  of  the  earth,  at  the  level 
of  the  sea,  supports  an  average  pressure  of  15  lbs.  upon  every 
square  inch  of  its  surface.  That  we  are  not  sensible  of  this 
pressure  on  our  own  persons,  and  on  all  surrounding  objects,  is 
owing  to  its  equaUty  in  all  directions.  From  the  fluidity  of  the 
atmosphere, — the  perfect  mobility  of  its  particles, — any  force  is 
equally  distributed  throughout  its  mass,  and  its  gravity  not  only 
presses  downwards,  but  upw^ards,  and  laterally,  and  in  every 
direction  ahke.  If  we  destroy  this  equilibrium,  as  we  may 
easily  do  by  the  air-pump,  the  pressure  becomes  immediately 
manifest ; almost  the  first  stroke  of  the  pump  fixes  the  receiver 
to  the  plate,  and  after  the  air  has  been  exhausted  to  the  utmost 
we  may  raise  the  weight  of  the  pump  itself  without  detaching  it. 
It  is  for  the  purpose  of  enabling  them  to  bear  this  enormous 
jiressure  that  such  glasses  are  made  of  a spherical  form.  If  a 
glass  of  a cubic  shape  be  exhausted,  it  is  speedily  crushed  to 
atoms ; or,  if  a bottle  of  a similar  shape  be  hermetically  sealed, 
when  filled  with  air  of  the  usual  density,  and  inclosed  under  a 
receiver  from  which  the  air  is  pumped,  the  elasticity  of  the 
included  air  no  longer  being  counteracted  by  the  exterior  air,  it 
will  burst  outwards  with  equal  violence. 

It  is  curious  to  remark  how  frequently  common  experience 
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has  anticipated  science  in  the  application,  if  not  in  the  formal 
announcement,  of  scientific  principles.  A beautiful  illustration 
of  the  expansive  power  of  heat,  and  the  pressure  of  the  atmo- 
sphere, occurs  in  baking  a fruit  pie.  The  cook  inverts  a cup  in 
the  dish,  from  which  a portion  of  the  air  is  expelled  by  the  heat 
of  the  oven;  when  allowed  to  cool,  the  remainder  contracts, 
and  a partial  vacuum  being  formed,  the  pressure  of  the  atmo- 
sphere forces  the  juice  to  rise  in  the  cup,  and  thus  prevents 
its  coming  in  contact  with  the  crust,  by  which  it  would  be 
absorbed. 

§ 51.  The  surface  of  a man  of  ordinary  stature  is  about 
15  square  feet,  so  that  the  atmospheric  pressure  upon  his  body 
amounts  to  14  tons;  this  he  sustains  with  perfect  convenience, 
because  every  cavity  of  his  body  is  distended  with  aeriform 
matter  of  the  same  elastic  force.  He  also  moves  about  under 
this  enormous  load  without  being  conscious  of  its  existence, 
owing  to  the  equality  of  its  action:  could  we  suppose  the  air  to 
cease  to  press  in  an  upward  direction,  while  its  doumward 
weight  continued,  he  would  be  bound  to  the  spot  on  which  his 
foot  rested  as  effectually  as  the  rooted  oak.  Something  of  this 
we  may  indeed  feel  from  the  fatigue  we  endure  in  waUdng  upon 
a stiff"  clay.  In  such  a soil  the  air  is  more  or  less  pressed  from 
under  the  feet,  and  just  upon  the  same  principle  that  the  bo}^s 
plaything,  called  a sucker,  raises  the  weight  of  a large  stone,  a 
strong  effort  is  necessary  to  overcome  this  unequal  pressure. 

Those  who  ascend  into  the  higher  regions  of  the  atmosphere, 
by  climbing  lofty  mountains,  or  -by  balloons,  often  feel  incon- 
venience in  their  ears,  and  other  cavities  of  their  bodies,  from 
the  included  air  not  having  time  to  adjust  itself  to  the  diminished 
pressure  of  the  outward  medium;  and  it  is  no  Avonder  that 
persons  of  weak  constitutions  often  feel  considerable  discomfort 
from  sudden  changes  of  the  weather,  Avhen  barometric  oscilla- 
tions may  indicate  a change  of  pressure  upon  their  bodies  of 
] 8 or  20  hundred  weight  in  the  course  of  a few  hours. 

The  eminent  philosopher  and  traveller,  Baron  Humboldt, 
mentions  that  he  has  in  his  own  person  experienced  a difference 
of  pressure  equal  to  31  inches  of  mercury;  having  been  upon 
the  summit  of  Chimborazo,  Avhere  the  barometer  stood  at  13 
inches  1 1 lines,  and  in  a diving  bell  under  a pressure  of  45  inches. 

Such  is  the  action  and  reaction  of  weight  and  elasticity  upon 
the  air,  and  the  equilibrium  of  the  two  forces  in  the  atmosphere. 
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§ 52.  The  alternate  action  and  reaction  of  mechanical 
force  and  elasticity,  and  the  consequent  propagation  of  force  to 
a distance,  by  vibration,  are  beautifully  illustrated  by  the  pheno- 
mena of  SOUND.  This  is  another  adjustment  of  the  properties 
of  the  atmosphere  which  constitutes  a most  important  feature 
in  the  e\ddent  and  wonderful  design  of  its  constitution.  The 
complete  developement  of  the  subject  constitutes  a distinct 
branch  of  science,  under  the  name  of  Acoustics:  we  can  only 
here  advert  to  the  play  of  the  forces  which  are  concerned  in  its 
production. 

When  the  particles  of  an  elastic  body  are  suddenly  disturbed 
by  an  impulse  at  a particular  point,  the  force  spreads  throughout 
their  substance  from  that  point,  as  a centre,  and  they  return  to 
their  state  of  rest,  by  a series  of  isochronous  vibrations,  or  rapid 
movements  to  and  fro;  equal  numbers  of  which  take  place  in 
equal  times.  The  rapidity,  force,  and  permanence  of  these 
vibrations  depend  upon  the  elasticity,  the  form,  and  the  mode  of 
aggregation,  of  the  particles  of  the  vibrating  body  ( 13) . They  are 
not  confined  to  the  substance  in  which  they  are  produced,  but 
they  communicate  themselves  to  the  surrounding  air  in  which, 
on  account  of  its  elasticity,  they  excite  equivalent  condensations 
and  dilatations  which  again  are  propagated  to  a distance.  The 
corresponding  impulses  produced  upon  the  ear  constitute  sound. 
If  the  successive  impulses  form  a connected  series,  following 
each  other  too  rapidly  to  be  separately  distinguished,  they 
constitute  a continued  sound  like  that  of  the  voice  in  sjieaking; 
and  if  they  are  equal  among  themselves  in  duration  they  produce 


(13)  A n represent  the  two  prongs  of  a tuning-fork, 
made  of  steel ; if  one  of  them,  a,  he  struck  against  a solid 
substance,  it  will  momentarily  assume  the  position  6,  nearer’ 
to  the  other  prong,  n,  but  from  its  elasticity  it  will  imme- 
diately return  to  its  former  position,  beyond  which  it  will 
be  carried  by  its  momentum  to  the  position  a,  about  as  far 
from  A as  the  second  position,  h,  and  thus  a series  of  rapid 
vibrations  is  brought  about,  which  being  propagated  through 
the  air  to  the  ear  produces  the  sensation  of  a musical  note. 
The  vibrations  of  a alone  are  represented  in  the  figure  for 
the  sake  of  clearness;  but  the  other  prong,  n,,will  also  be  in 
a similar  state  of  vibration. 


a.  A.  %-B 
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a musical  or  equable  sound,  as  that  of  a vibrating  string,  or 
of  the  voice  in  singing.  A quill  striking  against  a piece  of 
wood  causes  a noise,  but  striking  against  the  teeth  of  a wheel, 
or  of  a eomb,  a continued  soundj  and  if  the  teeth  of  the 
wheel  be  at  equal  distances,  and  the  velocity  of  the  motion  of 
a certain  amount,  and  constant,  a musical  note.  The  lowest 
somid  which  can  be  called  musical,  is  produced  by  16  vibrations 
in  a second  of  time;  though  according  to  the  observation  of 
Dr.  Wollaston,  some  ears  are  so  constituted  as  to  be  able  to 
appreciate  notes  at  both  extremities  of  the  scale,  which  are 
inaudible  to  others.  The  higher  octave  to  this  sound  is  pro- 
duced by  double  the  number  of  vibrations,  and  the  double 
octave  by  four  times  the  number  in  the  same  time,  and  so  on  in 
the  progression  16,  32,  64,  128,  256;  the  last  of  which  produces 
the  note  which  is  designated  as  the  middle  C on  the  piano- 
forte. The  fixedness  of  these  relations  is  such  that  the  well- 
knowm  sound  of  the  different  musical  notes  has  been  employed  by 
Professor  Wheatstone  as  the  measure  of  velocities  in  machines 
which  are  utterly  inappreciable  by  ordinary  mechanical  means. 

A certain  time  is  always  required  for  the  transmission  of  an 
impulse  through  a material  substance,  and  this  time  varies  wdth 
its  hardness  and  compressibility.  The  velocity  of  sound  in  air 
has  been  found  by  experiment  to  be  1130  feet  in  a seeond;  in 
w^ater,  4900  feet;  and  along  a deal  rod,  17,400  feet. 

As  the  force  from  the  original  impulse  diverges  in  air, 
and  spreads  through  a spherical  space,  its  intensity  must 
decrease  as  the  square  of  the  distance,  but  it  is  capable  of  being 
turned  back  or  reflected  from  the  surface  of  any  solid  obstacle. 

§ 53.  A musical  string  gives  a very  feeble  sound  w^hen 
vibrating  alone,  on  account  of  the  small  quantity  of  air  set  in 
motion;  but  when  attached  to  a large  surface  of  wmod,  or  to 
what  is  called  a sounding-board  in  musical  instruments,  it  com- 
municates its  oscillations  immediately  to  that  surface,  and  the 
whole  system  vibrates  isochronously.  Tlie  extensive  vibrating 
surface  again  transmits  its  motions  to  the  surrounding  mass  of 
the  air,  and  the  sound  is  much  increased. 

§ 54.  The  oscillations  of  a sohd  body  are  not  confined  to 
one  direction,  but  may  be  longitudinal,  transverse,  or  rotatory; 
in  every  plane,  or  confined  to  one  plane,  accordingly  as  the 
impulse  is  communicated.  Differences  in  the  structure  of  a 
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body  may  influence  the  direction  of  its  vibrations.  If  a little 
fine  drj^  sand  be  strewed  over  a vibrating  surface,  it  wiU  be  thrown 
into  violent  agitation  by  the  force  communicated  to  it  in  parti 
cular  situations,  but  in  other  situations  it  will  remain  at  rest, 
and  it  will  thus  enable  the  eye  to  distinguish  the  vibrating  from 
the  quiescent  parts.  Thus,  if  vibrations  be  excited  in  a plate 
of  glass  or  metal,  by  drawing  the  bow  of  a violin  across  its  edge, 
it  will  emit  a musical  sound,  and  the  sand  will  immediately 
arrange  itself  in  certain  lines  regularly  disposed,  where  it  will 
accumulate  from  other  parts,  and  remain  at  rest.  It  is  thus 
found  that  the  adjacent  divisions  of  the  surface  are  in  different 
states  of  Aub ration,  some  being  always  elevated  while  others  are 
depressed;  and  the  oppositely  vibrating  parts  are  separated  by 
lines  of  rest.  Tliese  lines  of  rest  are  termed  nodal  lines,  and 
they  vary  in  form  and  position  with  the  part  where  the  bow  is 
drawn  across;  but  the  point  by  which  the  plate  is  held  being 
necessarily  in  a state  of  rest,  must  be  included  in  a nodal 
line  (14).  Similar  points  of  rest,  or  nodal  points,  are  found  on 
a vibrating  string;  and  pieces  of  paper  placed  at  the  half,  third, 
fourth,  or  other  aliquot  points  of  its  length,  aauII  remain  on  it 
during  its  vibration,  but  will  instantly  fly  off  from  any  inter- 
mediate points.  They  are  points  of  equilibrium  between  two 
adjacent  oppositely  vibrating  parts.  Indeed  all  vibrating  bodies 
have  a tendency  to  divide  themselves  into  a certain  number  of 
parts  which  perform  their  vibrations  independently  of  each  other. 

§ 55.  The  amount  of  force  which  may  be  accumulated 
from  the  frequent  and  regular  repetition  of  minute  impulses  to 
the  particles  of  elastic  solids  is  very  great,  just  as  momen- 
tum may  be  accumulated  in  a pendulum  by  frequent  small 
impulses  (§  29) ; and  the  cohesion  of  glass  itself  has  been  known 


(14)  If  a plate  of  glass,  a b c d,  he  held  hori- 
zontally at  its  centre,  e,  between  the  finger  and 
thumb,  and  sand  be  scattered  over  its  upper  surface, 
upon  causing  it  to  emit  a musical  note,  by  drawing 
a violin-bow  along  its  edge,  the  sand  will  arrange 
itself  in  lines  constituting  regular  figures,  the  form 
of  which  will  depend  upon  the  pitch  of  the  note. 
The  lines  a e,  i e,  c e,  d E,  in  the  figure,  repre  • 
sent  a common  arrangement  of  these  nodal  lines; 
the  point,  e,  by  which  it  is  held,  will  bo,  of  course, 
quiescent. 
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to  yield  under  the  intense  vibrations  of  a musical  note.  If  we 
pass  our  moistened  fingers  lightly  along  a glass  tube,  two  or 
three  yards  in  length,  and  from  three-fourths  of  an  inch  to  an 
inch  in  diameter,  we  may  generate  a force  which  will  be  suffi- 
cient to  move  a leaden  ball  placed  within  it,  and  even  to  draw  it 
up  against  the  action  of  gravity,  when  the  tube  is  inclined 
several  degrees  to  the  horizon.  Or  if  we  fix  a small  glass  tube 
into  a beam  of  wood,  and  cause  it  to  vibrate  longitudinally,  in 
the  same  way,  the  successive  and  periodic  impulses  will  be  suffi- 
cient to  agitate  the  beam  throughout  its  mass,  and  to  produce 
vibrations  of  such  an  extent  that  whole  handfuls  of  sand  thrown 
upon  it  will  be  projected  upon  the  lines  of  rest,  which  udU  thus 
be  accurately  defined. 

§ 56.  These  vibrations  alter  the  molecular  arrangement 
and  strength  of  bodies  while  they  last,  so  that  if  a weight  of  90 
pounds  be  suspended  from  a copper  band  of  three  yards  in 
length,  0.4  inch  wide,  and  0.04  inch  thick,  it  wiU  remain 
unchanged  for  any  length  of  time;  but  if  made  to  vibrate,  it  will 
become  lengthened  six  or  seven  inches.  M.  Savart  measured 
the  lengthening  of  rods  of  glass  and  brass  by  the  act  of  vibra- 
tion, under  the  friction  of  a damp  cloth,  and  ascertained  the 
amount  of  mechanical  force  which  would  be  required  to  be 
directly  applied  to  produce  the  same  effect,  and  found  it  to  be 
in  the  first  case,  (the  diameter  of  the  cylinder  being  1.14  inches,) 
equal  to  a weight  of  2000  pounds;  and  in  the  second,  (the  dia- 
meter being  1.38  inches,)  3800  pounds.  The  facts  are  of  the 
utmost  practical  consequence  with  regard  to  structures  in  metal 
which  are  destined  to  support  great  weights,  and  are  at  the  same 
time  exposed  to  regular  oscillations  and  vibrations. 

We  will  now  direct  our  attention  to  the  forces  of  homo- 
geneous attraction  and  repulsion. 

IV.  HOMOGENEOUS  ATTRACTION  AND 
REPULSION. 

§ 57.  The  force  of  cohesion  in  bodies  is  measured  by 
the  amount  of  any  force  which  may  be  required  to  separate  their 
particles,  or  break  them,  and  may  be  ascertained  liy  experiment. 
Tlie  opposing  force  may  be  ajiplied  in  various  ways.  (1)  It 
may  tend  to  tear  the  body  asunder,  in  the  direction  of  its  fibres; 
(2)  it  may  tend  to  break  the  body  across;  (3)  it  may  tend  to 
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crush  the  body;  (4)  it  may  tend  to  separate  the  particles  by 
means  of  torsion  or  twisting.  The  investigation  of  the  strength 
of  materials,  and  the  dilferent  degress  in  which  they  resist  the 
action  of  force,  so  variously  applied,  belongs  to  mechanical 
science.  The  following  table  shows  the  force  of  cohesion  from 
experiment  of  a few  solids,  as  indicated  by  the  weights  required 
to  tear  them  asunder,  and  to  crush  them. 


T.A.BLE  II.  Of  Strength  of  Materials. 


Bars  1 inch  square 

Cubes  of  I inch 

torn  asunder. 

crushed. 

Cast  steel 

140,000  lbs.  . 

. — 

Cast  iron 

— 

. 10,000  lbs. 

Cast  copper 

19,000  lbs.  . 

7318  lbs. 

Wrought  copper 

33,000  lbs.  . 

6440  lbs. 

Brass 

17,000  lbs.  . 

. 10,304  lbs. 

Tin  . . . 

4700  lbs.  . 

966  lbs. 

Lead 

1800  lbs.  . 

483  lbs. 

Elm 

5800  lbs.  . 

. 1 ( 1284  lbs. 

Pine 

10,400  lbs.  . 

. H 1606  lbs. 

Oak 

10,000  lbs.  . 

. ( 3860  lbs. 

§ 58.  The  force  of  cohesion  is  opposed  to  mechanical  force 
in  the  case  of  the  surfaces  of  two  solids  of  the  same  substance 
moving  upon  each  other,  and  is  estimated  by  the  resistance  to 
the  motion,  which  is  denominated  friction. 

Friction  is  greatest  between  rough  surfaces,  and  diminishes 
vuth  the  degree  of  polish  given  to  them. 

All  other  circumstances  being  equal,  it  is  directly  propor- 
tioned to  the  pressure  of  the  two  bodies.  Friction  also  arises 
from  a similar  opposition  of  the  force  of  adhesion,  in  the  case  of 
the  two  surfaces  in  motion  being  of  dissimilar  matter;  but  it  is 
greater  between  homogeneous  substances  than  between  hetero- 
geneous ones. 

§ 59.  Tlie  subject  of  friction,  again,  is  purely  mechan- 
ical; but  we  re-enter  within  the  strictest  limits  of  our  depart- 
ment in  considering  next,  those  adjustments  of  the  two  anta- 
gonist powers  of  homogeneous  attraction  and  repulsion,  which 
constitute  the  physical  states  of  solid,  liquid,  and  aeriform. 
The  best,  because  the  most  familiar,  illustration  of  these  three 
diflerent  states  may  be  derived  from  our  every  day  observation  of 
the  changes  which  water  undergoes.  Every  one  knows  that  by 
abstracting  heat  from  water,  or  cooling  it  to  a certain  point,  ive 
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can  convert  it  into  a solid  which  we  call  ice;  we  diminish  the 
repulsive  force,  and  the  attractive  gains  the  ascendancy.  The 
amount  of  this  cohesion  we  can  estimate  by  the  mechanical 
force  required  to  disintegrate  it;  but  pound  it,  and  comminute 
it  as  we  will,  we  can  never  by  these  means  totally  overcome 
the  attraction  which  constitutes  its  solidity;  we  can  never  so 
far  unloose  its  constituent  molecules  as  to  give  them  freedom 
of  motion  amongst  each  other.  The  application  of  warmth  will, 
however,  gently  and  quietly  loosen  the  tie;  the  ice  will  dissolve, 
and  the  liquid  particles  will  yield  in  all  directions  to  the  slightest 
impulse. 

§ 60.  It  is.  in  consequence  of  the  almost  perfect  manner 
in  which  cohesion  is  suspended  in  liquids  that  pressure  is 
communicated  by  them  in  all  directions  alike.  Sohd  bodies 
gravitate  in  masses,  and  exert  no  lateral  pressure ; but  the 
particles  of  fluids  gravitate  independently  of  each  other,  and 
press  against  each  other  in  every  direction,  not  only  dovmwards, 
but  upwards  and  sideways.  It  is  in  consequence  of  this  lateral 
pressure  that  water  flows  from  an  opening  in  the  side  of  a vessel 
in  Avhich  it  is  contained ; and  the  lateral  pressure  is  the  result 
of  the  downward  pressure  of  the  hquid  above,  and  exactly  equal 
to  it;  consequently,  the  lower  the  orifice  is  made  in  the  A^essel 
the  greater  will  be  the  velocity  of  the  water  running  out  of  it, 
and  the  further  it  will  be  projected  from  it  (15).  It  is  the  same 

(15)  If  D be  a hole  made  in  the 
side  of  tlie  vessel  of  water,  A,  the  Avater 
at  D would  only  be  pressed  by  the  sim- 
ple weight  of  the  perpendicular  column 
of  water  from  a to  n;  but  when  the  orifice 
at  D is  open,  and  the  water  permitted  to 
spout  out,  its  motion  throws  its  whole 
column  into  action,  and  it  will  now  press 
upon  and  discharge  the  water  from  n, 
with  the  same  force  as  if  the  water  had 
been  a solid  descending  from  a to  d, 
which  would  be  as  the  square  root  of 
the  heiglit  A D;  and,  for  the  same  reason,  water  issuing  from  other 
orifices,  c and  n,  would  run  in  quantities  and  velocities  proportionate 
to  the  square  root  of  their  depths  below  the  surface  of  the  fluid.  If 
D be  four  times  as  deep  below  the  surface,  a,  as  h,  it  will  discharge 
twice  the  quantity  of  water  which  can  flow  from  n in  the  same  time; 
and  if  d were  nine  times  the  depth  of  n,  three  times  the  quantity  would 
issue  from  it. 
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pressure  acting  upwards  which  occasions  water,  when  poured  into 
one  leg  of  a siphon,  to  rise  to  the  same  height  in  the  other  (16). 

§ 61.  But  it  is  not  only  the  pressure  of  their  own  par- 
ticles which  is  thus  equally  distributed  throughout  masses  of 
fluids,  but  external  force  or  pressure  is  communicated  in  the 
same  way.  In  the  Bramah’s  press  an  immense  accumulation 
of  force  is  brought  to  bear  upon  a particular  point  by  pressure 
applied  to  a small  column  of  water,  reacting  upon  a larger  mass 
placed  under  the  surface  of  a moveable  piston  in  a large 
barrel  (17). 


(16)  This  figure  represents  the  arrangement  of 
an  experiment  which  commonly  goes  by  the  name  of 
the  Hydrostatical  Paradox,  a 6 is  a narrow  tube  con- 
nected with  the  extensible  vessel,  c d e-,  when  water 
is  poured  into  the  tube,  the  weight  upon  the  surface 
will  be  raised  by  the  pressure  of  the  column  of  water 
in  the  tube,  which  will  act  mth  the  same  force  as  a 
column  of  water  of  the  same  height,  whose  base  would 
have  an  equal  area  with  the  surface  of  the  vessel.  If 
a person  stand  upon  the  board  b e,  and  blow  into  the 
tube  a,  he  may  raise  his  own  weight  by  the  force  of  * 
his  breath. 


(17)  This  figure  represents  a sec- 
tion of  the  press,  d is  a small  but 
strong  pump-barrel,  fitted  with  the  pis- 
ton, Q,  which  is  worked  by  the  lever,  k 
L By  this  pump  water  is  raised  from 
the  reservoir,  e,  and  injected  under  the 
large  piston,  a,  m,  fitting  tightly  in  the 
barrel,  ii,  N,  and  to  which  the  press- 
plate,  F,  is  attached;  any  force  which  is 
exerted  upon  the  piston,  q,  is  multi- 
plied upon  the  piston,  m,  in  direct  pro- 
portion of  the  area  of  the  latter  to  the 
former,  and  any  substance  placed  be- 
tween the  plates  i,  f,  thus  becomes 
violently  compressed.  The  pressure  is  immediately  relieved  by  turning 
the  screw,  n,  by  which  the  water  is  allowed  to  flow  back  into  the 
reservoir. 
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§ 62.  That  imperfect  destruction  of  cohesion,  which  is 
effected  by  mechanical  force,  is  curiously  contrasted  with  its 
perfect  suspension  by  heat,  by  comparing  this  equal  pressure  of 
liquids  with  that  of  sand,  or  some  other  finely  disintegrated  solid. 
If  we  jjour  sand  into  one  leg  of  an  inverted  siphon  it  will  not 
mount  in  the  other,  and  will  even  extend  a very  little  way  into 
the  horizontal  part.  Whatever  pressure  be  given  to  its  upper 
surface  will  exert  no  influence  on  the  issue  belov\  A half- 
hundred weight  placed  upon  it  will  produce  no  difference.  The 
weight  is  not  merely  supported  upon  the  base  of  the  column,  as 
in  the  case  of  a solid,  but  by  the  sides  of  the  containing  tube. 
The  lateral  pressure,  however,  does  not  vary  with  the  height,  as 
in  the  case  of  a liquid;  but  sand  will  flow  out  of  lateral  apertures 
made  in  a box,  in  which  it  is  contained,  with  equal  velocity, 
whatever  may  be  the  height  of  the  column  within  (18). 

Single  grains  of  sand,  placed  upon  a flat  surface,  do  not 
begin  to  roll  until  it  is  inclined  between  30°  and  40°,  and  this  is 
the  angle  at  which  the  pressure  is  exerted,  when  this  motion  is 
resisted.  The  angle  formed  by  a heap  of  shot  or  peas  is  30°, 
and  the  weight  of  a pyramid,  whose  sides  are  inclined  at  this 
angle,  is  alone  supported  by  the  base,  whatever  may  be  the 
height  of  the  column  confined  above  it  (19). 

A very  simple  mode  of  showing  this  eflfect  is,  to  take  an 
open  tin  tube  of  any  length,  an  inch  in  diameter,  and  to  press  a 
piece  of  thin  paper,  with  the  edges  moistened,  against  the  end 
of  it,  letting  it  adhere  simply  by  such  moisture ; then  placing 
the  tube  upright,  with  that  end  upon  a table,  to  fill  it  with 
sand,  and  afterwards  gradually  to  raise  it ; whatever  the  weight 
of  the  tube  and  its  contents,  it  may  be  carried  anj'where  in 


(18)  A B c D represents  a box  filled  with  pure 
dry  sand:  if  equal  slits,  a b c,  be  made  in  one  of  its 
sides,  equal  quantities  will  flow  from  them  in  equal 
times,  and  will  be  projected  to  equal  distances,  not- 
withstanding the  difiercnce  in  the  heights.  This 
figure  should  be  compared  with  figure  14,  which 
represents  the  flowing  of  water  under  similar  cir- 
cumstances. 

1) 

(19)  If  sand  be  allowed  to  fall  from  a height,  c,  uj)on  a flat 
surface,  a b,  it  will  form  at  first  tlie  small  cone,  1 1,  which  will 
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that  position,  although  the  paper  bottom  adheres  but  very 
slightly. 

If  the  pulverization  of  solids  however  be  carried  beyond  a 
certain  limit,  so  as  to  produce  an  impalpable  powder,  the  action 
of  cohesion  is  in  some  degree  restored,  for  the  comparatiA'e 
largeness  of  the  sxirfaces  of  contact  of  the  particles  enables  them 
to  overcome  gravity  and  prevents  their  lateral  pressure ; thus  a 
heap  with  perpendicular  sides  may  be  constructed  with  flour, 
whiting,  &c.  A certain  amount  of  adhesion  is  also  produced  by 
moisture,  and  the  flowing  of  sand  will  be  checked  by  any 
degree  of  dampness. 

§ 63.  After  the  cohesion  of  ice  has  been  suspended,  a 
further  accession  of  heat  will  convert  the  liquid  water  into  a 
highly-elastic  aeriform  fluid,  which  is  commonly  known  by  the 
name  of  steam.  The  repulsive  force  acquires  the  ascendancy; 
the  constituent  particles  tend  to  fly  from  one  another,  and  are 
only  restrained  by  the  pressm*e  of  that  surrounding  atmosphere 
which  regulates  the  elasticity  of  all  aeriform  matter  which  is  not 
insulated  from  its  action.  The  progress  of  this  change  of  state 
is  not  so  obvious  and  familiar  as  the  preceding,  but  it  is  easily 
illustrated  by  experiment.  If  we  take  a glass  tube  blown  at 
one  end  into  a bulb,  and  fit  it  with  a leathern  piston  fixed  to  a 
hollow  rod,  the  bore  of  which  is  capable  of  being  closed  with  a 
screw,  and  cause  a little  water  to  boil  in  it  under  the  piston; 
steam  \viU  presently  issue  with  some  force  from  the  passage  in 


increase  to  2 2,  3 3,  &c.,  and  as  it  rolls  down  will  always  maintain  e 
conical  surface,  whose  inclination  to  the  base  is  about  30°.  The 
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the  rod,  which  is  to  be  left  open  for  the  purpose  of  giving  it 
A^ent.  Upon  closing  this  passage,  the  elastic  force  of  the  steam 
will  accumulate  till  it  forces  the  piston  to  the  top  of  the 
tube  (20).  This  force  may  be  instantly  annihilated  by  remov- 
ing the  bulb  from  the  source  of  heat,  and  blowing  upon  the 
tube;  the  aeriform  water  will  resume  the  hquid  state,  and  the 
pressure  of  the  air  upon  the  upper  side  of  the  piston,  being  no 
longer  counteracted  by  the  elasticity  of  the  steam  on  its  under 
side,  it  will  be  forced  down  to  the  bottom  of  the  tube.  A fresh 
application  of  heat  wUl  restore  the  elastic  force;  it  wiU  again  be 
forced  up;  and  by  a repetition  of  the  process  this  Uttle  model  of 
a steam-engine  may  be  kept  in  action.  Why  the  processes  of 
liquefaction  and  vaporization  take  place  slowly  and  gradually, — 
why  a mass  of  ice  does  not  instantly  melt,  or  any  body  of  water 
flash  into  steam  upon  reaching  the  proper  temperatures,  mil  be 
shown  when  we  come  to  treat  of  the  laws  of  that  extraordinary 
agent,  heat,  upon  which  these  transformations  depend. 

§ 64.  There  is  great  reason  to  suppose  that  all  unorgan- 
ized matter  may  be  susceptible  of  similar  changes  of  state; — 
that  every  solid  might  assume  the  state  of  a liquid,  and  of  an 
aeriform  body;  and  that  every  air,  or  gaseous  body,  might  be 
reduced  to  the  liquid,  and  even  solid  state.  Our  command 
over  the  forces  of  nature  does  not  extend  so  far  at  present,  but 
the  phenomena  which  we  will  further  examine  are  so  general  as 
to  justify  the  conclusion  that  they  are  universal. 
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§ 65.  With  regard  to  solids,  we  distinguish  several  pro- 
perties as  modified  results  of  the  force  of  cohesion;  namely, 
hardness;  elasticity;  brittleness;  malleability;  ductility;  and 
compressibility. 


§ 66.  The  relative  hardness  of  a body  is  determined  by 
its  capability  of  scratching,  or  being  scratched  by,  other  bodies. 
It  has  no  relation  whatever  to  density,  for  lead,  which  may  be 
easily  scratched  by  the  nail,  has  a specific  gravity  more  than 
three  times  that  of  a diamond,  the  hardest  substance  in  nature; 
neither  is  it  connected  with  tenacity -and  brittleness,  for  iron  is 
easily  scratched  by  glass.  Mineralogists  are  in  the  habit  of 
appreciating  this  quality  by  the  following  scale  of  ten  degrees 
deriveil  from  a comparison  with  ten  species  of  minerals,  com- 
mencing with  the  softest  crystallized  solid,  and  ending  with  the 
hardest. 


Degree. 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


Table  III.  Hardness. 


Standai’d  of  comparison. 
Talc 
Gypsum 
Calcareous  spar 
Fluor  spar 
Apatite 
Feld  spar 
Quartz 
Topaz 
Sapphire 
Diamond 


§ 67.  Elasticity  is  that  property  which  we  have  already 
exemplified  by  the  flexure  of  a spring,  and  the  torsion  of  a 
thread  of  glass;  in  consequence  of  which  the  particles  of  a solid 
k a certain  extent  when  force  is  applied  to  them,  but 
immediately  fly  back  to  their  original  position  when  the  disturb- 
ing power  is  withdrawn.  Elastic  bodies  vary  much  in  the 
extent  to  which  they  yield  without  breaking,  and  in  the  degree 
of  perfection  wkh  which,  after  the  displacement  of  their  particles, 
they  return  to  their  former  state.  A piece  of  caoutchouc,  or 
Indian  rubber,  is  very  elastic,  but  not  perfectly  so,  for  it 
becomes  permanently  elongated  by  stretching.  Glass,  on  the 
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contrary,  is  perfectly  elastic,  for  it  will  retain  no  permanent 
bend:  when  drawn  into  a fine  thread  it  may  be  twisted  round 
upon  its  axis  many  times  without  breaking;  and  when  set  free, 
always  returns  to  the  point  from  which  it  set  out. 

§ 68.  Brittleness  consists  in  the  facility  with  which  a 
disrupture  takes  place  amongst  the  particles  of  a solid,  from  a 
sbght  change  of  position  amongst  them,  beyond  the  limits  of 
their  elasticity.  It  belongs  to  most  hard  and  elastic  bodies, 
and  may  be  exemplified  by  glass  and  steel. 

§ 69.  Malleability  is  the  capability  of  extension  into  thin 
leaves,  by  hammering.  It  exists,  in  different  degrees  of  perfec- 
tion, amongst  the  metals.  Gold  may  in  this  way  be  beat  into 
such  thin  leaves  that  282,000  of  them  would  only  make  up 
together  the  thickness  of  an  inch.  Silver  and  copper  are 
likewise  capable  of  being  extended  into  very  thin  leaves;  and 
tin  and  lead  into  foil,  necessarily  of  much  greater  thickness. 

§ 70.  Ductility,  or  the  capability  of  being  dravm  into 
thin  wire,  is  not,  as  might  at  first  be  supposed,  the  concomitant 
of  malleability.  Iron  is  incapable  of  being  beaten  into  thin 
leaves,  but  may  be  drawn  into  wire  finer  than  a human  hair. 

§ 71*  Compressibility.  Some  of  the  metals  have  their 
density  permanently  increased  by  mechanical  force;  when  thus 
compressed,  they  do  not  spontaneously  return  to  their  former 
bulk. 

* 

§ 72.  In  liquids  we  have  already  seen  that  cohesion  pre- 
dominates to  a very  small  degree.  The^r  particles  yield  amongst 
each  other  to  the  slightest  imjDulse,  and  communicate  pressure 
in  all  directions  alike.  The  force  required  to  change  their 
volume  in  any  sensible  degree  is  so,  great,  that  until  improved 
means  of  experiment  were  very  recently  contrived,  they  were 
accounted  incompressible.  It  has  been  found  that  by  pkmging 
a vessel  of  water  into  the  sea,  to  a depth  of  1000  fathoms,  the 
compression  is  one-twentieth  of  thebujk;  L<AJ.  c r,.ll^.uiig  raole 
represents,  according  to  the  accurate  experiinents  of  Professor 
CErsted,  the  amount  of  compression  of  several  liquids  in 
millionth  parts  of  their  volume,  for  each  additional  atmosphere 
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or  pressure  of  15lbs.  per  inch  (21).  After  the  pressure  is  with- 
drawn they  return  to  their  original  bulk. 


Table  IV. 

Compression  of  Liquids. 

Millionth  parts,  per  atmosphere. 

IMcrcury 

. . . . 2.65 

Alcohol 

21.65 

Water 

. . . . 46.65 

Ether  . 

. . . . 61.65 

(21)  A B c D represents  a strong  glass 
cylindrical  vessel,  to  the  top  of  which  a 
similar  cylinder  of  metal,  a e f b,  is  firmly 
screwed;  an  air-tight  piston  moves  in  this, 
by  means  of  a screw,  K ; m is  a glass  bottle, 
terminating  in  a fine  capillary  tube,  open  at 
both  ends;  it  is  graduated  with  great  accu- 
racy into  precise  fractions  of  the  contents  of 
the  bottle.  This  is  done  by  weighing  the 
quantity  of  mercury  which  the  bottle  Avill 
hold,  and  the  quantity  which  may  be  con- 
tained in  an  inch  of  the  tube.  In  CErsted’s 
apparatus  each  inch  of  the  tube  was  found 
to  contain  80  millionlhs  of  the  contents  of 
the  bottle.  The  bottle,  with  its  scale,  are 
intrv-duced  into  the  glass  vessel,  a b c d, 
which  is  then  filled  with  water,  and  the 
cylinder,  a e f n,  firmly  screwed  in  its  place. 

"When  the  piston  is  drawn  hack,  water  is  pressed  into  the  cylinder 
through  the  siphon,  B,  connected  with  the  vessel  q,;  when  it  is  full,  the 
communication  with  the  siphon  is  closed  by  a cock;  pressure  may  then 
he  communicated  to  the  contents  of  the  vessel,  by  the  screw,  k,  and 
lever  1 1.  The  pressure  within  and  without  the  bottle  will  be  the  same. 
The  amount  is  measured  by  a gauge,  n,  placed  by  the  side  of  the 
bottle,  consisting  of  a glass  tube  closed  at  the  top,  and  open  at  bottom, 
and  divided  into  equal  parts;  it  contains  a small  portion  of  air,  and  is 
placed  in  an  inverted  position.  When  the  pressure  is  applied,  the  air 
is  compressed  continually  into  a less  and  less  hulk;  the  diminution 
of  its  volume  being  precisely  proportioned  to  the  pressure,  and  is 
measured  upon  the  scale. 

The  water  in  the  tube  of  the  bottle  is  separated  from  the  Avater  in 
tVe  cylinder,  by  v,hich  the  pressure  is  communicated,  by  a little  air 
contained  in  a small  funnel  inverted  over  its  upper  end,  which  also 
contains  a bubble  of  air;  so  that  there  always  intervenes  between  the 
exterior  and  interior  Avater  a column  of  compressed  Avater,  Avhich  may 
easily  be  seen  from  Avithout.  By  a similar  apparatus,  constructed  ot 
metal,  to  enable  it  to  bear  a higher  pressure.  Professor  Qh-sted  raca- 
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§ 73.  Certain  differences  may  be  observed  in  the  still 
remaining  cohesion  of  different  liquids.  Thus  we  distinguish 
viscous  and  limpid  liquids. 

Viscosity  is  that  quality  which  renders  the  homogeneous 
particles  less  moveable  amongst  one  another,  and  is  the  direct 
opposite  to  limpidity.  It  is  a modification  of  cohesion  some- 
what analogous  to  malleability  in  sohds. 

It  may  be  regarded  as  a kind  of  approach  to  the  solid  state, 
but  is  distinguished  from  mere  cohesion;  for  if  two  drops  of  a 
viscous  fluid  are  brought  into  contact  vfith  one  another,  they 
run  together  with  much  less  velocity  than  tw’o  drops  of  a more 
perfect  fluid. 

Oil  and  syrup  are  specimens  of  viscous;  mercury,  and  spirits 
of  wine,  of  limpid  liquids.  Some  solids,  hke  glass,  become 
viscous  by  heat,  in  their  passage  to  complete  liquidity;  whilst 
others,  like  ice,  become  perfectly  limpid  at  once. 

§ 74.  Aeriform  fluids  are  commonly  and  conveniently 
distinguished  into  two  classes : namely,  vapours  and  gases.  Steam 
will  illustrate  the  first,  and  the  air  which  surrounds  us  the 
second.  We  have  seen  that  the  slightest  abstraction  of  heat 
proportionately  reduces  the  elasticity  of  steam,  and  condenses 
it  into  the  hquid  state.  The  slightest  increase  of  pressure 
beyond  the  force  of  its  own  elasticity  will  produce  the  same 
effect,  unless  a simidtaneous  increase  of  heat  enable  it  to  sustain 
it;  but  the  greatest  reduction  of  heat  which  art  can  produce 
(and  its  command  in  this  respect  is  considerable),  and  the 
greatest  pressure  which  can  be  applied,  have  never  yet  succeeded 


sured  tlie  comjjressions  of  air  to  65  atmospheres.  For  this  purpose,  a 
small  index,  fixed  hy  a hair-spring,  was  placed  in  the  upright  gauge, 
which  being  pressed  forward  by  a column  of  mercury,  was  left  at  the 
extreme  point  to  -which  the  liquid  Avas  forced,  and  thus  registered  the 
pressure.  The  amount  of  the  compression  Avas  also  registerf'^-'Rv  rh:^ 
simple  apparatus,  n i f G,  which  is  an  open  vessel  containing 'mercury, 
in  Avhich  is  placed  a glass  vessel,  abode,  draAvn  out  into  a slender 
tube,  D E,  and  turned  doAvn,  as  shoAvn  in  the  figure.  This  A-essel  is 
filled  Avith  air,  and  placed  in  the  receiver,  nnd  when  piessui-e  is 
applied,  the  cftect  is  to  drive  the  mercury  up  the  tube  e d,  and  into 
the  vessel  c b,  compressing  the  air  above  it,  and  falling  to  the  bottom 
of  that  vessel.  The  volume  of  this  metal  being  ad  ' *0  that  Avhich 

Avas  contained  in  the  lube,  Avill  equal  the  volume  by  ich  the  air  was 

compressed  during  the  experiment. 
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in  Ijringing  the  particles  of  atmospheric  air  within  the  verge  of 
cohesive  attraction. 

§ 75.  Other  gases,  however,  which  but  lately  were  con- 
sidered to  be  as  permanent  as  atmospheric  air,  have  yielded  to 
the  ingenious  manipulation  of  Dr.  Faraday.  His  method 
consists  in  generating  the  gas  in  a confined  space,  when,  from 
the  narrow  compass  into  which  it  is  obliged  to  pack  itself,  the 
mutual  compression  of  its  own  particles  is  so  great  that  they 
come  within  the  limits  of  their  self-attractive  force,  and  assume 
the  liquid  state.  It  is  true  that  the  elastic  force  increases  as 
the  compression;  but  the  energy  of  the  cohesive  force,  when 
its  hmit  is  attained,  in  a much  higher  degree ; — not  in  the  inverse 
proportion,  that  is,  to  the  distances  of  the  particles  from  one 
another,  but  as  the  squares,  or,  probably,  some  higher  power  of 
the  distances.  DifiFerent  gases  yield  to  different  degrees  of 
compression;  a pressure  equivalent  to  two  atmospheres  is 
sufficient  to  produce  the  liquefaction  of  some,  while  carbonic 
acid  requires  thirty-five  atmospheres,  or  a pressure  of  525lbs. 
upon  the  square  inch  of  surface;  and  although  experiment  has 
yet  failed  to  produce  the  effect,  fair  analogy  justifies  the  hypo- 
thesis of  geologists,  that  atmospheric  air  may  exist  in  the  liquid 
state,  in  cavities  of  the  compressed  strata  of  the  globe. 

§ 76.  The  difference  between  a vapour  and  a gas,  it  may 
be  observed,  is  one  of  degree  and  not  of  kind,  and  has  reference 
to  the  mean  pressure  of  the  atmosphere;  for  the  aeriform  fluid, 
which  in  the  compressed  tube  floats  above  the  liquefied  portion 
of  the  gas,  is  strictly  the  vapour  of  the  liquid  portion,  and  is 
influenced  by  precisely  the  same  circumstances  as  the  vapours  of 
hquids,  which  exist  as  liquids  under  atmospheric  pressure  alone. 

§ 77*  There  are  one  or  two  other  circumstances  attending 
the  rear'^on  of  the  antagonist  forces  of  homogeneous  attraction 
and  repulsion' which  ought  to  arrest  our  attention.  When  a 
liquid  is  about  to  assume  the  solid  state,  if  the  heat  be  very 
slowly  withdrawn,  and  it  pass  very^  gradually  under  the  influence 
of  cohesion,  the  particles  do  not  rush  together  into  a confused 
amorphovs  mass,  but  sometimes  build  themselves  up  into  geo- 
metrical solid'  ' Ibq.  greatest  beauty  and  symmetry.  This  phe- 
nomenon’is  finlyi  ar  to  us  in  the  freezing  of  water, — so  familiar 
that  it  does  not  exv..  - luJf  the  attention  and  admiration  which 
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it  ought  to  inspire:  we  see  it  in  the  ice  which  forms  upon  our 
windows  in  the  winter’s  night, — in  the  hoar-frost  upon  the 
trees,  and  in  the  construction  of  flakes  of  snow.  The  seemingly 
endless  variety  of  figures  which  these  substances  present  is 
limited  by  certain  laws,  and  the  lines  which  bound  them  form 
amongst  themselves  no  angles  but  those  of  30°  60°  and  120°. 
If  we  melt  a mass  of  sulphur,  or  of  the  metal  bismuth,  in  an 
earthen  pot,  and  when  it  has  slowly  cooled,  so  as  just  to  become 
crusted  over,  pierce  the  crust,  and  allow  the  liquid  portion  to 
flow  out,  we  shall  find  the  cavity  of  the  latter  studded  vdth 
beautiful  cubic  forms  which  the  most  skilful  carver  could  not 
rival,  and  that  of  the  former  with  no  less  beautiful  six-sided 
prisms  and  needles. 

These  forms  are  denominated  crystals,  and  the  process  is 
called  crystallization. 

§ 78«  The  assumption  of  the  solid  form  is  often  attended 
with  the  exertion  of  an  uncontrollable  expansive  or  repulsive 
force;  proving  again  the  porosity  of  solids,  the  particles  of 
which  the  prejudices  derived  from  common  observation  would 
induce  us  to  believe  were  in  the  closest  contact. 

This  phenomenon  cannot  be  better  exemplified  than  in  the 
passage  of  water  into  ice.  Indeed,  the  common  experience  of  a 
hard  winter  places  the  proof  before  us,  in  the  bursting  of  jjipes 
in  which  water  is  carelessly  allowed  to  freeze:  and  if  we  take 
a small  piece  of  a gun-barrel,  securely  plugged  at  one  extremity, 
and  closely  fitted  at  the  other  with  a screw,  fill  it  with  water 
which  has  been  boiled  to  exclude  the  air,  carefully  close  it,  and 
place  it  in  a situation  where  it  may  freeze,  at  the  moment  of 
sohdification  the  barrel  will  burst  with  a considerable  report. 

The  specific  gravity  of  ice,  compared  with  water,  is  0.94. 

Iron,  likewise,  enlarges  its  bulk  at  the  moment  of  sohdifi- 
cation, and  hence  the  particular  sharpness  of  casts  which  are 
made  with  it,  the  expansive  force  pressing  it  into  the  minutest 
crevices  of  the  mould. 

Other  liquids,  on  the  other  hand,  contract  in  buUc  at  the 
moment  of  congelation,  of  which  mercurj^  is  an  examj)le. 

V.  HETEROGENEOUS  ADHESION. 

§ 79'  We  come  now  to  the  contemplation  of  the  action 
and  reaction  upon  each  other  of  particles  of  matter  of  totally 
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different  kinds, — of  different  essence  and  sensible  properties: 
and  the  first  force  with  which  such  particles  have  been  endowed 
we  may  usefully  distinguish  from  cohesion,  or  homogeneous 
attraction  (to  which  it  is  opposed),  by  the  title  of  adhesion,  or 
heterogeneous  attraction:  we  have  already  exemplified  it  by  the 
wetting  of  glass  by  water.  The  process  of  humectation  is  some- 
times accompanied  by  an  evolution  of  heat.  Ignited  alumina, 
which  contains  not  more  than  one-half  per  cent,  of  magnesia, 
becomes  sensibly  warm  when  moistened. 

We  trace  this  force  in  matter  in  all  its  physical  states;  i.  e., 
whatever  the  antecedent  adjustment  of  the  forces  of  homo- 
geneous attraction  and  repulsion  may  be:  but  it  exists  in  dif- 
ferent degrees  between  different  bodies;  and,  possibly,  between 
some  bodies  does  not  exist  at  all.  A polished  blade  of  iron  is 
capable  of  being  wetted  by  water,  not,  however,  in  so  perfect  a 
manner  as  glass;  but  to  neither  of  these  substances  will  mer- 
cury adhere.  It  would,  nevertheless,  be  too  hasty  a conclu- 
sion to  infer  from  this  observation  that  there  were  no  adhesive 
attraction  between  the  particles  of  glass,  or  iron,  and  mercury; 
the  attractive  force  may  exist,  but  in  these  instances  the  homo- 
geneous attraction  of  the  particles  of  the  liquid  may  be  superior 
to  it,  and  prevent  its  efficiency.  A perfectly  clean  surface  of 
platinum  is  capable  of  being  completely  wetted  by  mercury; 
but  the  thin ' film  of  extraneous  matters  which  commonly 
adheres  to  this  metal  in  its  ordinary  state,  effectually  prevents 
their  mutual  action. 

Guyton  de  Morveau  measured  the  force  with  which  different 
metals  adliered  to  the  surface  of  mercury,  by  suspending  equal 
plates  from  one  of  the  arms  of  a balance,  and  ascertaining  at  the 
other  the  weight  which  was  in  each  case  required  to  separate 
them.  He  employed  fresh  mercury  in  each  exj)eriment,  and  the 
following  table  exhibits  his  results : — 


Table  V.  Adhesion  of  Mercury. 


Grs. 

Grs. 

Gold  . . 

. 446 

Zinc 

. 204 

Silver 

. 429 

Cojipcr  . 

. 142 

Till 

. 418 

Antimony 

. 126 

I.ead 

. 397 

Iron 

. 115 

Bismuth 

. 372 

Cobalt  . ■ . 

8 

§ 80.  The  action  of  cements,  in  permanently  fixing  the 
surfaces  of  solids  together,  is  dependent  upon  this  force.  For 
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tins  purpose  some  substance  in  a soft  or  liquid  state  is  inter- 
posed, which  is  capable  itself  of  solidif}dng  and  dra^^'ing  the  sur- 
faces together  by  this  species  of  attraction.  In  this  way  wood 
may  be  attached  by  gelatine,  or  glue;  porcelain,  by  albumen,  or 
white  of  egg,  and  lime;  and  bricks,  by  mortar;  so  that  the  adhe- 
sion of  the  surfaces  of  junction  may  offer  even  greater  resistance 
to  disruptive  force  than  the  cohesion  of  any  other  part. 

§ 81.  The  heterogeneous  adhesion  of  solids  to  each  other 
is  also  of  the  greatest  practical  importance,  when  it  assumes  the 
form  of  friction,  that  is,  of  superficial  opposition  to  mechanical 
force,  or  the  motion  of  two  bodies  in  contact  (§  58).  All  other 
things  being  equal,  friction  is  less  between  surfaces  of  dissimilar 
matter  than  between  those  of  the  same  matter:  thus  the  resist- 
ance of  iron,  moving  upon  iron,  is  expressed  in  terms  of  the 
pressure  by  the  fraction  while  that  of  iron  upon  copper  is 
only  -J-.  The  interposition  of  substances  whose  force  of  cohesion 
is  small,  such  as  plumbago,  or  grease,  greatly  decreases  fric- 
tion: thus  the  resistance  of  iron  upon  iron  is  diminished  to 
^th  by  the  application  of  tallow;  and  of  iron  upon  copper  to 
^th.  The  complete  investigation  of  this  opposition  of  forces 
belongs  to  the  science  of  mechanics;  it  would,  however,  have 
been  a defect  in  this  preparatory  view,  not  to  have  indicated  an 
antagonism  of  forces  on  which  we  are  dependent  in  almost 
every  action  of  our  lives.  It  is  friction  which  prevents  our 
feet  slipping  back  every  time  we  attempt  to  advance  a step; 
and  those  who  have  attempted  to  walk  upon  polished  ice  well 
know  how  to  appreciate  the  passive  resistance  of  heterogeneous 
adhesion. 

§ 82.  A beautiful  example  of  the  adjustments  which  take 
place  of  the  two  antagonist  forces  of  homogeneous  cohesion  and 
heterogeneous  adhesion,  is  afforded  by  the  phenomena  of,  what 
is  termed,  capillary  attraction.  The  simplest  case  of  this  action 
arises  when  we  dip  a glass  tube  of  very  fine  bore  (hence  termed 
a capillary  tube)  into  a hquid  which  is  capable  of  wetting  it; 
upon  attentively  examining  the  appearances  presented  by  such 
an  arrangement,  we  shall  find  that  the  liquid  rises  in  the  tube  to 
a certain  height  above  the  usual  level,  and  assumes  a concave 
surface  at  its  ujiper  extremity.  We  shall  also  observe,  than  on 
the  exterior  surface  of  the  tube,  as  well  as  where  it  is  in  contact 
with  the  containing  vessel,  the  liquid  will  stand  above  the 
general  surface. 
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Now  we  have  here  three  forces  concerned; — the  force  of 
gravitation,  by  the  action  of  which  upon  the  moveable  particles 
of  the  hquid  the  general  level  of  the  mass  is  maintained;  the 
interior  force  of  homogeneous  attraction,  drawing  the  similar 
particles  together,  and  resisting  any  force  which  may  tend  to 
separate  them;  and  the  exterior  force  of  heterogeneous  attrac- 
tion, between  the  solid  and  the  liquid.  The  latter  has  power  to 
draw  up  the  included  liquid  (which  is  cut  off  by  the  glass  from 
the  action  of  the  homogeneous  attraction  of  the  surrounding 
mass)  against  the  action  of  the  two  former  forces  to  a point 
at  which  they  are  all  in  equilibrio;  and  this  power  increases  in 
some  high  ratio  inversely  as  the  distance;  so  that  the  nearer  the 
approximation  of  the  active  particles,  the  greater  the  elevation. 
This  is  not  only  shown  by  the  gradual  upward  curve  of  the 
liquid,  as  its  distance  from  the  solid  decreases,  but  may  be 
demonstrated  by  varying  the  size  of  the  tube;  when  the  rise 
of  the  hquid  will  be  found  to  increase  rapidly  as  the  diameter 
decreases. 

The  concave  surface  of  the  hquid  thus  evidences  the  superior 
force  of  the  attraction  of  adhesion,  which  must  exist  throughout 
its  contact  with  the  tube  below  the  surface;  and  the  particles 
are  dravm  inwards  and  downwards  by  their  own  attraction  with 
less  force  than  when  a part  of  their  weight  is  not  thus  sup- 
ported. The  consequent  diminution  of  pressure  from  above 
downwards,  is  equivalent  to  a diminution  of  gravity,  and  is 
hydrostaticahy  balanced  with  the  exterior  hquid  by  an  addition 
to  the  length  of  the  interior  column. 

The  same  action  may  be  strikingly  illustrated  by  dipping  the 
ends  of  tv'o  plates  of  glass  in  coloured  water,  at  a very  small 
and  gradually  decreasing  distance  from  each  other;  the  water 
wih  rise  between  them,  and  the  force  increasing  as  the  distance 
diminishes,  wih  be  shomi  by  the  hyperbolic  curve  of  the  upper 
surface,  the  heights  of  the  different  points  of  the  surface  of  the 
water  being  inversely  proportional  to  the  distances  from  the 
angle,  a property  of  the  curve  which  is  thus  called  by  mathe- 
maticians. 

§ 83.  If,  on  the  other  hand,  the  hquid  into  which  the 
capillary  tube  is  plunged,  be  incapable  of  wetting  it,  that  is  to 
say,  if  the  homogeneous  attractive  force  should  be  superior  to 
the  heterogeneous  attractive  force,  a different  order  of  pheno- 
mena will  arise,  but  illustrative  of  the  same  principles.  A fine 
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glass  tube,  thus  immersed  into  mercury,  muU  exhibit  a depres- 
sion of  the  internal  column  of  liquid  below  the  general  level; 
the  upper  surface  will  be  convex  instead  of  concave;  and  at  the 
point  of  contact,  both  of  the  exterior  of  the  tube  and  of  the 
surface  of  the  containing  vessel,  the  hquid  wiU.  be  depressed. 
The  forces  concerned  in  the  phenomena  are  the  same  as  before, 
but  now  the  homogeneous  attraction  has  the  superiority.  The 
mercury  within  the  tube  is  cut  off  by  the  inactive  surface  of  the 
glass  from  the  homogeneous  attraction  of  the  surrounding  mass; 
its  own  self-attractive  force,  therefore,  acts  as  from  its  centre, 
drawing  its  particles  together,  and  causing  them  to  assume  more 
or  less  of  a globular  aggregation,  according  to  the  same  law 
which  determines  the  spheroidal  form  of  a suspended  drop  of 
liquid.  The  increase  of  attraction  from  without  inwards  which 
is  manifested  by  the  convex  surface  must,  of  course,  exist  to  an 
equal  degree  below  the  surface,  and  is  equivalent  to  an  mcrease 
of  gravity  in  the  column  which  is  hydrostatically  balanced  \vith 
the  exterior  liquid  by  a diminution  of  its  length.  Tlie  amount 
of  this  action  is  also  inversely  proportionate  to  the  diameter  of 
the  tube  (22). 

The  following  table  exhibits  the  amount  of  depression  in 
tubes  of  different  diameters.  In  one  column  is  included  the 
result  of  experiments  when  the  mercury  has  been  boiled  in  the 
tube;  in  another,  the  results  after  boiling.  In  the  first  case  a 
thin  layer  of  air  coats  the  tube;  in  the  second,  this  is  expelled. 


Table  VI.  Capillary  Depression  of  Mercury. 


Diameter  of  tube. 

Unboiled. 

Boiled. 

In. 

In. 

In. 

0.60 

0.005 

0.002 

0.50 

0.007 

0.003 

0.45 

0.010 

0.005 

0.40 

0.011 

0.007 

0.35 

0.019 

0.010 

0.30 

0.028 

0.014 

0.25 

0.040 

0.020 

0.20 

0.059 

0.029 

0.15 

0.088 

0.044 

0.10 

0.142 

0.070 

(22)  c D represents  a capillary  tube,  immersed  in  a liquid  capable 
of  wetting  it,  in  the  vessel  e f g h.  The  liquid  stands  at  a consider- 
able height  above  the  general  level  of  the  liquid,  and  is  also  dtawn  up 
by  the  sides  of  the  containing  vessel,  and  the  exterior  surface  of  the 
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§ 84.  Capillary  action  is  of  great  importance  in  many 
natural  and  artificial  arrangements;  and  as  familiar  instances  of 
it,  we  may  refer  to  the  absorption  of  water  by  a piece  of  sponge, 
and  to  the  beautiful  manner  in  which  the  flame  of  a lamp  or  a 
candle  is  supplied  with  the  liquid  combustible  by  its  ascent  in 
the  'ufick.  The  parallel  interstices  of  a bundle  of  small  wires 
win  perform  this  office  as  well  as  the  fibres  of  cotton,  which  are 
commonly  employed,  and  being  incombustible,  may  be  per- 
petually used,  provided  they  be  kept  clean.  The  natural  pores 
of  vegetable  bodies  are  also  well  adapted  to  the  spontaneous 
ascent  of  liquids,  and  it  is  probable  that  the  motion  of  the  sap 
of  plants  is  considerably  dependent  upon  this  power.  The  fact 
may  be  pleasingly  exemplified  by  dipping  one  end  of  a piece  of 
cane  into  spirits  of  turpentine,  which  will  rise  to  the  other,  and 
may  be  ignited. 

It  is  by  this  force,  again,  that  water  is  imbibed  by  the 
porous  materials  of  the  earth^s  surface,  and  moisture  distributed 
in  due  proportions  to  the  roots  of  vegetables.  The  amelioration 
of  soils  by  culture  is  brought  about  by  changes  effected  in  them 
in  this  respect;  and  the  influence  of  differences,  even  in  their 
original  constitution,  may  be  traced  in  the  superior  verdure  of 
chalk  hills  over  those  of  sand  or  gravel. 

The  forces  of  heterogeneous  adhesion  and  homogeneous  co- 
hesion are  contrasted  in  an  interesting  manner,  by  closing  the 
upper  aperture  of  an  air  jar  with  fine  wire  gauze.  If  the  jar 
be  now  immersed  in  a water  bath  with  the  mouth  downwards, 
the  air  will  of  course  be  expelled  and  the  water  will  enter, 
and  upon  raising  it  again  the  air  ufill  re-enter  through  the 
gauze  and  displace  the  water.  But  if  the  wire  gauze  be  first 
wetted,  the  adhesion  of  the  film  of  water  to  the  metal  will  be  so 
great,  that  the  jar  upon  being  raised  from  the  bath  will  support 
a considerable  column  of  the  liquid  against  the  pressure  of  the 


tube,  so  as  to  form  a curve  between  them. 
The  form  of  the  surface  of  the  liquid  Avithin 
the  tube  is  shown  at  i k I m.  a n represents  a 
capillary  tube  immersed  in  a liquid  which  is 
incapable  of  Avetting  it.  The  liquid  is  here 
seen  depressed  below  the  general  level,  and  its 
surface  in  the  vessel,  abed,  is  curved  from 
the  depression  Avhich  also  takes  place  at  the 
points  of  contact  at  its  surface,  and  the  exterior 
surface  ot  the  tube.  The  form  of  the  surface 
Avithin  tlie  tube  is  shoAA'n  at  n o \i  (j. 
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atmosphere;  water,  however,  may  he  poured  into  the  jar  without 
the  penetration  of  air  or  disturbing  the  film  of  moisture. 

A curious  engine  has  lately  been  constructed  for  raising 
water  upon  the  principle  of  heterogeneous  adhesion.  An  end- 
less hempen  band  of  6 inches  width  is  made  to  revolve  1000  times 
per  minuta  over  a pulley.  The  lower  part  dips  into  a well  of 
water  which  is  drawn  up  by  it  from  a depth  of  135  feet,  and 
delivered  into  a cistern  at  its  point  of  suspension,  at  the  rate  of 
83  gallons  per  minute. 

§ 85.  The  action  of  filtration,  to  which  the  chemist  is 
so  frequently  obhged  to  recur,  is  also  dependant  upon  capillary 
action.  The  pores  of  the  filter  become  wetted  by  the  hquid, 
and  transmit  it  to  the  under  surface  by  a force  of  adhesion  which 
is  independent  of  the  pressure.  When  once  it  has  penetrated 
it  collects  into  drops,  by  the  force  of  cohesion,  which  fall  from 
the  force  of  gravity.  Not  only  may  solids  be  thus  separated 
from  liquids,  but  liquids  which  imperfectly  mix,  from  each  other. 
For  this  purpose  the  filter  must  be  previously  wetted  vuth  the 
liquid  which  it  is  intended  to  transmit,  when  that  alone  will 
pass,  and  the  other  be  rejected.  In  this  manner  spirits  of 
turpentine  and  water  may  be  parted  from  each  other. 

§ 86.  Few  persons,  perhaps,  are  aware  of  the  prodigious 
amount  of  the  force  which  may  thus  be  called  into  action,  and 
which  may  be  measured  by  the  opposition  which  it  is  capable 
of  overcoming.  If  a dry  plug  of  wood  be  tightly  fitted  into  one 
end  of  a stout  tube  of  glass,  or  porcelain,  and  a projecting 
portion  be  allowed  just  to  dip  into  water,  the  wood  will  swell 
with  such  force,  by  the  intrusion  of  the  liquid  into  its  pores,  as 
to  burst  the  tube,  though  capable  of  resisting  a pressure  of  more 
than  700lbs.  on  the  square  inch.  This  power  is  turned  to  an 
economical  account  in  parts  of  Germany  and  France,  for 
separating  blocks  from  the  solid  rock,  for  miU-stones.  Holes 
are  bored  in  its  substance,  into  which  wedges  of  dry  wood  are 
tightly  driven,  and  when  these  are  exposed  to  moisture  they 
swell,  from  the  capillary  action,  and  effectually  split  it  in  tlie 
direction  in  which  they  have  been  placed. 

§ 87.  The  same  kind  of  attraction  and  superficial  action 
takes  place  between  solids  and  aeriform  bodies,  although  not  so 
open  to  common  observation:  but  an  easy  experiment  will 
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illustrate  the  fact.  Take  some  of  the  fine  dust  of  magnesia,  and 
sift  it  carefully  upon  the  surface  of  some  water  in  a tall  glass 
jar,  and  it  will  presently  become  wetted  by  the  liquid,  and  sink 
to  the  bottom,  in  consequence  of  its  specific  gravity  being 
something  more  than  twice  as  great.  Take,  again,  some  iroiq 
filings,  and  sift  them  in  the  same  manner  upon  the  surface  of 
water,  and  although  their  specific  gravity  is  nearly  four  times 
greater  than  that  of  magnesia,  they  will  float  upon  the  top.  A 
stratum  of  considerable  thickness  of  the  metal  may  thus  be 
laid  upon  the  liquid,  which  at  length  will  sink  in  considerable 
masses,  when  it  may  be  seen  that  they  had  been  previously 
buoyed  ujo  by  the  adhesion  of  particles  of  air,  which  their 
accumulated  weight  will  even  carry  to  the  bottom  Avith  them. 
Tlie  surface  of  each  fragment  of  metal  had  been  (we  cannot, 
perhaps,  say  wetted,  but)  enfilmed  with  the  gaseous  matter,  which 
prevented  it  from  being  wetted  by  the  water;  in  the  case  of  the 
magnesia,  its  attraction  for  the  air  was  less,  and  consequently 
it  was  more  readily  displaced  by  the  water. 

The  force  of  adhesion  of  air  to  glass  is  very  considerable, 
and  requires  particular  attention  in  the  construction  of  baro- 
meters. In  filling  a glass  tube  with  clean  mercury,  it  is  easily 
seen  how  pertinaciously  small  bubbles  adhere  to  its  sides:  many 
of  these  may  be  swept  away,  by  causing  a large  bubble  to  pass 
several  times  from  top  to  bottom,  by  the  inclination  of  the 
tube;  but  it  will  still  remain  coated  throughout  with  a thin  film, 
which  can  only  be  removed  by  boiling  the  mercury  in  it.  After 
this  process  has  been  performed,  the  air  will  still  creep  doum 
between  the  sides  of  the  mercury  and  the  glass,  which  do  not 
adhere  together,  and  ultimately  steal  up  the  whole  length  of  the 
column  into  the  vacuum.  The  gradual  deterioration  of  baro- 
meters in  this  way  may,  however,  be  entirely  prevented  by 
welding  a ring  of  platinum  to  the  bottom  of  the  tube,  and 
wetting  it  with  the  mercury.  Close  contact  of  the  liquid  and 
the  tube  is  thus  secured,  and  the  welding  of  the  platinum  to 
the  hot  glass  is  another  instance  of  strong  heterogeneous 
adhesion*. 

The  adhesion  of  the  vapour  of  water  to  glass  is  so  strong  as 
to  interfere  very  sensibly  with  its  boiling;  the  steam  escaping 
more  freely  from  metallic  surfaces  than  from  glass.  If  the 
surface  be  roughened,  or  if  some  powdered  glass  or  metal  filings 

* Danif.li.’s  Meteorological  Essays.,  Secoild  ICd.,  p.  577- 
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be  thrown  into  the  boiler,  the  boiling  is  promoted,  because  these 
rough  points  present  smaller  surfaces  to  the  contact  of  the 
bubbles  as  they  form. 

§ 88.  Some  porous  solids  are  capable  of  absorbing  and 
retaining  large  quantities  of  gaseous  matter;  and  newly-burned 
charcoal  has  the  property  of  taking  up  the  following  volumes  of 
the  different  gases,  its  own  volume  being  taken  as  1 . 


Table  VII.  Absorption  of  Gases  by  Charcoal. 


Ammonia 

90 

Bi-carh.  hydrogen 

35 

Muriatic  acid  . 

85 

Carbonic  oxide 

9.4 

Sulphurous  acid 

65 

Oxygen  . 

9.2 

Sulphuretted  hydrogen 

55 

Nitrogen 

7.5 

Nitrous  oxide  . 

40 

Carht.  hydrogen 

5 

Carbonic  acid  . 

35 

Hydrogen 

1.7 

It  vdll  appear  from 

these 

results,  compared  mth  others 

hereafter  to  be  stated,  that  those  gases  which  are  the  most 
readily  condensible,  by  pressure,  into  liquids,  yield  most  readily 
to  the  force  of  heterogeneous  adhesion.  When  charcoal  already 
saturated  with  any  one  gas  is  put  into  another,  it  gives  out 
some  of  the  gas  already  absorbed,  and  takes  up  a portion  of 
the  new  gas. 

Aqueous  vapour  is  also  very  greedily  imbibed  by  newly- 
burned  charcoal,  some  kinds  of  which  wiU  take  up  as  much 
as  18  per  cent,  of  their  weight  by  a week’s  exposure  to 
the  air. 

Though  charcoal  possesses  this  property  in  a very  eminent 
degree,  it  is  by  no  means  the  only  substance  whose  pores  exert 
the  force  of  heterogeneous  adhesion.  Certain  animal  and  vege- 
table textures  absorb  aqueous  vapour  so  readily  and  regularly, 
that  their  changes  of  dimensions  Avhich  ensue  have  been  taken 
as  measures  of  the  amount  of  vapour  existing  in  the  atmosphere 
to  which  they  have  been  exposed.  Thus,  the  untwisting  of  a 
piece  of  catgut,  or  the  beard  of  the  udld  oat,  the  elongation  of  a 
thin  slice  of  whalebone,  all  afford  good  hygroscopes,  or  indi- 
cations of  the  state  of  the  air,  with  regard  to  moisture;  and  the 
elongation  or  contraction  of  a human  hair,  properly  prepared, 
is  still  observed  at  the  Paris  Observatory  as  a hygrometer-, 
although  the  observations  cannot  be  relied  upon,  and  better 
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and  accurate  methods  have  been  devised  for  determining  a point 
of  great  importance  to  seience  (23). 

All  these  substances  give  up  the  moisture  which  they  have 
imbibed  when  exposed  to  a dry  atmosphere,  and  return  more  or 
less  accurately  to  their  original  dimensions. 

§ 89.  The  adhesion  of  gaseous  matter  to  liquids  is 
demonstrated  everj^  time  we  pour  water  from  one  vessel  into 
another;  large  quantities  of  air,  strongly  attached  to  its  surface, 
are  carried  by  the  momentum  of  the  falling  mass  below  the 
surface,  and  becoming  more  elastic  from  the  compression, 
detach  themselves  and  rise  again  in  a stream  of  bubbles.  We 
see  this  process  upon  an  immense  scale  in  natural  falls  of  water, 
where  the  foam  and  dashing  of  the  spray  is  evidence  of  the 
power  of  the  escaping  air.  In  certain  situations  advantage  has 
been  taken  of  this  perpetual  supply,  and  the  air  being  received 
into  cylinders  in  this  state  of  compression,  is  applied  to  the 
supply  of  blast  furnaces,  for  the  working  of  metals. 


(23)  This  figure  represents 
the  celebrated  hygrometer  of  De 
Saussure.  The  hair,  a b,  is  freed 
from  all  unctuosity  by  being 
steeped  in  ley,  and  is  kept  in  a 
state  of  equable  distension  by 
means  of  a small  weight,  g-, 
which  is  suspended  from  the 
opposite  side  of  the  axis  of  the 
index.  The  hair  is  fastened  by 
two  nippers  at  a and  b-,  the 
point  of  extreme  dryness  is  de- 
termined by  placing  the  instru- 
ment under  a receiver,  in  the 
presence  of  some  absorbent  sub- 
stance, as  dry  caustic  alkali ; 
when  the  hair  acquires  its  mini- 
mum of  length,  it  is  then  intro- 
duced into  a receiver  containing 
water,  by  which  the  air  is  kept 
saturated  with  vapour;  its  great- 
est elongation  is  marked  upon 
the  circle,  and  the  intermediate 
space  between  the  two  points 
divided  into  degrees. 
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§ 90.  It  is  not  only  Ijy  this  superficial  action  that  air 
becomes  attached  to  water,  but  by  the  force  of  adhesion  it  is 
drawn,  as  it  were,  into  its  pores,  and  is  made  to  distribute  itself 
equally  through  its  mass,  however  deep.  This  aeration  of  water 
is  one  of  the  most  important  processes  in  nature.  It  takes 
place  quietly  and  invisibly;  but  by  this  still,  unobserved  opera- 
tion, the  countless  hosts  of  the  subaqueous  creation,  both  animal 
and  vegetable,  are  supplied  with  the  vital  air,  upon  which  their 
existence  depends.  If  we  take  a quantity  of  fresh  boiled  water, 
place  it  in  a glass  vessel  under  the  receiver  of  an  air-pump,  and 
exhaust  the  air,  it  will  remain  perfectly  transparent,  and  un- 
agitated, till  the  pressure  is  so  far  reduced  as  to  enable  it  to 
boil  at  the  atmospheric  temperature;  but  if  we  allow  a portion 
of  the  same  boiled  water  to  remain  in  contact  with  the  air  for 
some  hours,  and  afterwards  place  it  under  the  receiver,  almost 
from  the  first  stroke  of  the  pump  we  shall  find  bubbles  of  air 
forming  in  its  mass,  the  greatest  part  of  which  will  be  attracted 
to  the  surface  of  the  glass,  and  will  there  adhere,  till  increasing 
in  size  they  finally  make  their  escape.  One  hundred  cubic 
inches  of  water  wiU  not,  however,  absorb  in  this  manner  under 
ordinary  circumstances  more  than  from  two  to  four  cubic  inches 
of  air.  The  quantity  varies  with  the  elasticity  of  the  exterior 
atmosphere,  and  it  has  been  found  that  fish  will  not  live  in  the 
lakes  upon  the  summit  of  high  mountains,  on  account  of  a 
deficient  supply  of  this  necessary  article  of  their  respiration. 
Air  thus  contained  in  water  may  properly  be  said  to  have  been 
dissolved  by  it;  and  thus  we  are  led  to  consider  the  processes  of 
solution  and  mixture,  as  instances  of  the  force  of  adhesion; 
although  they  are  commonly  referred  to  the  action  of  the  higher 
force  of  chemical  affinity. 

§ 91.  In  seeking  out  the  laws  which  limit  these  actions, 
let  us  first  return  to  the  mutual  action,  of  liquids  and  sohds. — 
We  have  seen  that  when  a piece  of  clean  platinum  is  dipped 
into  mercury,  the  force  of  adhesion  between  the  two  metals  is 
sufficient  to  overcome  the  cohesion  of  the  liquid  which  thus 
adheres  to  the  solid,  and  wets  it.  If  for  a plate  of  platinum  we 
substitute  one  of  tin,  or  lead,  the  same  effect  wiU  be  produced, 
and  either  metal  will  be  immediately  wetted  by  the  quicksilver; 
but  if  we  now  leave  them  immersed  in  the  liquid,  a further 
effect  will  be  produced,  and  the  force  of  adhesion  wiU  be  so 
strong  as  not  only  to  overcome  the  feeble  cohesion  of  the  liquid. 
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but  the  strong  homogeneous  attraction  of  the  solid  itself : the 
process  of  solution  will  take  place;  the  solid  will  be  dissolved  in 
the  liquid. 

Let  us  now  select  a more  familiar  instance: — a lump  of  loaf- 
sugar,  just  immersed  in  water  by  one  small  point  of  contact,  will 
quickly  draw  the  liquid  up  into  its  pores,  by  capillary  action; 
but  the  force  of  adhesion  proceeding  beyond  this  will  speedily 
break  down  the  solid  texture,  which  will  disappear  in  the  water. 
We  may  vary  the  illustration  with  any  soluble  salt.  We  may 
judge  of  the  energy  of  the  force  which  is  thus  called  into  action, 
gentle  as  is  the  process,  by  estimating  that  which  it  overcomes, 
namely,  the  cohesion  of  the  solid,  by  the  effort  which  we  must 
make  to  break  its  mass.  Whatever  tends  to  diminish  the 
antagonist  force  promotes  and  hastens  the  process  of  solution; 
and  every  one  knows  from  common  experience  that  the  me- 
chanical pounding  or  breaking  of  a lump  of  sugar  or  salt  will 
considerably  facilitate  its  solution.  We  have  seen  the  facility 
with  which  glass  becomes  wetted  with  water;  if  we  diminish  its 
cohesion  by  mechanical  force,  a portion  of  it  will  even  be 
dissolved  by  the  liquid;  and  upon  placing  some  very  finely 
pulverized  flint  glass  upon  turmeric  paper,  and  wetting  it,  the 
yellow  colour  of  the  paper  will  be  turned  to  brown  by  the 
action  of  the  solution. 

§ 92.  The  action  of  a solvent  upon  a sohd  is,  moreover, 
limited  by  its  cohesion:  when  t\\e  homogeneous  ?indi  heterogeneous 
forces  are  exactly  balanced  in  the  solution,  the  solvent  is  said 
to  be  saturated.  With  regard  to  water,  the  point  of  saturation 
for  different  bodies,  even  of  the  same  class,  varies  very  much; 
thus  at  ordinary  atmospheric  temperatures,  an  ounce  of  dis- 
tilled water  will  dissolve  half  its  weight  of  sulphate  of  ammonia; 
one-third  of  its  weight  of  sulphate  of  soda;  one-sixteenth  of 
sulphate  of  potassa;  and  not  more  than  one  five-hundredth  of 
sulphate  of  lime.  Water,  however,  which  is  saturated  with  one 
salt,  will  still  be  capable  of  dissolving  another. 

§ 93.  The  mechanical  disruption  of  a solid,  even  by  the 
finest  levigation,  is,  as  we  have  seen  (§  62),  but  a very  imperfect 
mode  of  diminishing  the  force  of  cohesion;  the  finest  con- 
ceivable particles  which  can  thus  be  detached,  consist,  probably, 
of  a countless  multitude  of  its  ultimate  atoms,  which  are  still 
closely  bound  together  by  homogeneous  attraction;  but  by  the 
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application  of  heat  we  have  it  in  our  power  to  counteract  the 
latter  force,  by  a repulsion  of  the  like  intimate  nature;  and  by 
so  doing  we  increase  the  effective  antagonist  force  of  hetero- 
geneous attraction.  The  action  of  a solvent  upon  a solid  is, 
therefore,  much  increased  by  raising  its  temperature.  Water 
may  thus  be  saturated  with  a salt,  at  the  common  temperature 
of  the  atmosphere;  and  if  heat  be  afterwards  applied,  wall 
dissolve  an  additional  quantity;  if  the  solution  be  then  allowed 
to  cool,  the  attraction  of  cohesion  will  resume  its  ascendancy, 
and  the  additional  portion  of  the  salt  -will  be  deposited  in  a 
regular  solid  form. 

There  are,  however,  two  or  three  remarkable  exceptions  to 
this  general  law.  Water,  at  the  temperature  of  32°,  -will  dis- 
solve of  its  weight  of  lime;  at  a temperatm’e  of  60°,  it 

will  take  up  no  more  than  ^^tb;  and  when  boiling  only  i2^s'ofb; 
so  that  when  lime-water  is  boiled,  a portion  of  the  lime  is 
precipitated,  or  aggregated  into  small  crystalline  grains.  The 
solubihty  of  sulphate  of  soda  in  water  also  follows  a singular 
law:  after  having  increased  rapidly  to  the  temperature  of  92°, 
where  it  is  at  its  maximum,  it  diminishes  to  215°,  at  which 
temperature  the  salt  is  nearly  of  the  same  solubility  as  at  87°. 
The  seleniate  of  soda  is  another  salt  which  presents  an  anomaly 
of  the  same  nature.  Exceptions  to  general  laws  of  this  kind, 
although  not  understood,  are  facts  of  extreme  interest,  and 
generally  present  the  commencement  of  a clue,  by  following 
which  we  may  be  led  father  in  the  labyrinths  of  natural 
knowledge. 

§ 94.  As  the  force  of  heterogeneous  adhesion  is  thus 
capable  of  overcoming  the  force  of  homogeneous  attraction,  so 
is  it  capable  of  restraining  and  keeping  down  the  force  of  homo- 
geneous repulsion;  and  gases  are  susceptible  of  solution  in 
liquids ; and  as  the  point  of  solution  of  solids  is  determined  by 
the  antagonist  force  of  cohesion,  so  is  a liquid  said  to  be  satu- 
rated with  a gas  when  the  forces  of  heterogeneous  adhesion  and 
self-repulsion  are  exactly  balanced.  We  have  just  seen  that 
atmospheric  air  may  be  thus  united  with  water,  but  other  kinds 
of  aeriform  matter  are  capable  of  this  union  to  a much  greater 
extent.  Water  will  dissolve  its  own  bidk  of  carbonic  acid, 
whatever  its  elasticity  may  be,  provided  an  equivalent  amount 
of  pressure  be  maintained  upon  its  surface.  Soda-water  is  thus 
kept  ready  for  immediate  effervescence  by  the  mechanical  com- 
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pression  of  tliis  acid  upon  it,  from  which  it  begins  to  make  its 
escape  the  moment  the  pressure  is  relieved.  By  heating  this 
solution  the  whole  of  the  air  may  be  expelled ; for  heat,  of 
course,  increases  the  repulsive  force,  and  enables  it  to  overcome 
that  of  adhesion. 

§ 95.  But  there  are  other  gases  which  being  once  taken 
up  by  water  are  not  capable  of  being  again  separated  by  any 
increase  of  temperature;  the  force  of  adhesion  between  them  is 
so  strong,  that  they  remain  united  when  both  are  in  the  self- 
repulsive  state.  Thus  muriatic  acid,  or  ammoniacal  gases,  are 
absorbed  by  water  with  a rapidity  which  is  quite  immeasurable, 
and  when  the  solutions  are  of  a certain  strength  may  be  distilled 
without  change;  they  rise  together  in  the  elastic  form,  and  are 
again  condensed  by  cold. 

§ 96.  This  will  aptly  introduce  to  our  notice  the  exertion 
of  this  force  by  bodies  in  the  same  physical  state,  as  the  action 
of  liquids  upon  liquids,  and  gases  upon  airs  or  vapours.  Such 
combinations  are  termed  mixtures,  and,  unlike  solutions,  are  un- 
limited by  any  antagonist  force  either  of  attraction  or  repulsion. 

Some  liquids,  however,  are  incapable  of  this  incorporation  or 
mixture : thus,  oil  and  water  may  be  mechanically  mingled  toge- 
ther by  agitation;  but,  as  every  one  knows,  spontaneously  sepa- 
rate again  in  the  completest  manner.  Here  Ave  may  suppose 
that  the  forces  of  cohesion  and  gravity,  which  both  oppose 
adhesion,  are  superior  to  the  latter.  Some  few  liquids  mix 
together  in  a very  minute  proportion  of  one  of  them,  as  ether 
and  water.  If  these  two  liquids  be  agitated  together,  by  far  the 
largest  portion  of  the  former  will  separate  from  the  latter,  and 
float  upon  its  surface.  This  is,  in  fact,  a case  of  solution,  the 
point  of  saturation  of  which  is  determined  by  cohesion  and  gra- 
vity: most  liquids,  however,  mix  together,  and  particularly  with 
water,  in  the  most  perfect  manner,  in  all  conceivable  propor- 
tions, and  against  the  greatest  differences  of  specific  gravity: 
thus,  a drop  of  oil  of  vitriol,  or  of  alcohol,  will  become  perfectly 
diffused  through  a gallon  of  water,  or  a drop  of  water  through  a 
gallon  of  vitriol  or  spirit.  The  specific  gravity  of  sulphuric  acid 
is  almost  double  that  of  water,  and  yet  the  difference,  combined 
with  its  remaining  cohesion  and  that  of  the  water,  is  not  suffi- 
cient to  separate  the  two.  The  progress  of  the  mixture  may  be 
shown  in  a very  interesting  manner  by  colouring  some  water 
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with  some  vegetable  blue,  and  carefully  pouring  it,  by  means  of 
a small  tube,  upon  the  surface  of  the  acid,  in  a tall  glass  jar:  at 
the  point  of  contact  of  the  two  liquids,  and  to  a small  height 
above,  the  blue  water  will  be  immediately  reddened  by  the 
acid;  but  if  the  experiment  be  carefully  made,  the  colour  of  the 
great  bulk  will  be  unaffected,  and  the  jar  will  exhibit  three  per- 
fectly distinct  strata,  of  colourless  acid  below,  of  mixed  acid  and 
water  of  a red  colour  in  the  middle,  and  on  the  top  the  blue 
unmixed  water.  In  this  state  of  things  the  process  will  pro- 
ceed; the  heavy  acid  will  be  slowly  attracted  upwards,  and  its 
course  will  be  marked  by  the  change  of  colour.  That  the  mix- 
ture is  not  produced  or  assisted  by  any  currents  in  the  liquids, 
will  be  manifest  from  the  lines  of  junction  of  the  different 
colours,  which  will  remain  perfectly  sharp,  well  defined,  and 
horizontal,  during  the  progress  of  the  experiment,  which  will 
not  be  complete  for  three  or  four  days.  A similar  experiment 
may  be  made  with  coloured  alcohol  and  water,  and  in  both 
cases  the  mutual  penetration  will  ultimately  be  perfect.  Of  the 
intimate  nature  of  this  interpenetration  of  heterogeneous  par- 
ticles we  may  perhaps  form  some  notion,  by  obsenfing  that  the 
volume  of  the  two  liquids  after  mixture  seldom  amounts  to  the 
sum  of  their  volume  in  their  separate  states.  This  is  notably 
the  case  with  alcohol  and  water.  If  a long  glass  tube  closed  at 
one  end  be  made  to  terminate  at  the  other  in  two  globes  of 
equal  capacity  placed  vertically  upon  each  other,  upon  filling 
the  lower  one  with  its  tube  with  water,  and  carefully  pouring 
alcohol  into  the  other  so  as  completely  to  fill  the  apparatus, 
upon  reversing  the  position  of  the  liquids  and  the  tube,  a void 
space  will  remain  after  the  mixture  of  the  liquids. 

§ 97.  We  have  already  noticed  the  statical  adjustment  of 
the  forces  of  homogeneous  and  heterogeneous  attraction  between 
a soUd  and  liquid,  in  the  case  of  capillary  action;  a curious  and 
highly  important  dynamical  effect  results  from  the  operation  of 
the  same  forces  in  what  has  been  denominated  the  process  of 
endosmose  and  exosmose;  in  which  the  mutual  attraction  of  two 
liquids  is  called  into  action,  one  of  which  is  more  capable  than 
the  other  of  freely  wetting  a porous  solid  which  forms  part  of 
the  combination. 

If  we  dip  a piece  of  bladder,  or  other  animal  membrane,  into 
water,  it  wiU  be  wetted,  and  completely  soaked  with  the  liquid; 
but  if  we  dip  it  into  spirits  of  wine,  it  will  superficially  adhere 
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to  it,  but  will  not  be  imbibed  into  its  pores,  and  may  be  wiped 
oft'  mtliout  difficulty.  Take  a funnel,  and  tie  over  its  broad 
end,  of  three  or  four  inches  diameter,  a piece  of  bladder;  invert 
it,  and  fill  it  udth  spirits  of  wine,  and  fit  to  its  small  end  a glass 
tube  three  or  four  feet  in  length,  and  then  place  it  upon  a per- 
forated tin  plate  in  a vessel  of  water ; in  a short  time  the  liquid 
udU  be  obsen-ed  to  rise  in  the  tube;  and,  notwithstanding  the 
accumulating  pressure,  which  will  be  the  same  on  the  bladder  as 
that  of  a column  of  the  liquid  of  equal  base  (§  61),  it  will  ulti- 
mately reach  the  top  and  flow  over.  The  first  moving  power  is 
here  the  force  of  adhesion  between  the  water  and  the  bladder; 
the  former  penetrates  the  pores  of  the  latter,  and  comes  in  con- 
tact, upon  its  upper  surface,  with  the  spirit,  by  the  hetero- 
geneous attraction  of  which  again  it  is  removed,  and  mixes  with 
its  mass.  The  height  of  the  column  is  in  some  degree  the 
measure  of  the  force  thus  called  into  action,  which,  in  the  case 
mider  consideration,  is  also  opposed  by  the  difference  of  the 
specific  graAnties  of  the  water  and  spirit.  Other  liquids  may  be 
substituted  for  the  spirit,  provided  only  there  be  a strong  dispo- 
sition in  them  to  mix  with  the  water;  and  even  strong  solutions 
of  solids,  as  sugar,  gum,  &c.,  will  determine  the  action  of  endos- 
mose  by  their  still  predominant  attraction  for  more  water.  The 
organic  texture  of  the  membrane  is  not  necessary  to  the  process, 
which  wdll  equally  take  place  through  thin  plates  of  clay-slate 
and  other  porous  substances.  The  endosmose  (or  flowing  in)  of 
the  exterior  liquid  is  generally  accompanied  by  the  exosmose  (or 
ftowing  out)  of  the  interior  liquid,  but  to  a much  less  extent; 
the  difference  depending  upon  their  greater  or  less  attraction  for 
the  interposed  solid,  or  their  capability  of  wetting  it.  Modi- 
fications of  this  process  are  of  the  highest  importance  in  many 
of  the  operations  of  the  organic  portion  of  the  creation,  and  the 
study  of  them  promises  to  throw  light  upon  many  obscure 
points  of  animal  and  vegetable  physiology. 

§ 98.  Aeriform  bodies  are  capable  of  mixing  together  in 
the  same  way  as  liquids;  and  as  there  are  no  remains  in  their 
case  of  efficient  cohesive  force  to  oppose  the  force  of  adhesion, 
they  are  all  capable  of  rapid  diffusion  through  each  other’s 
masses,  and  there  is  no  limit  to  their  incorporation:  there  is  no 
point  of  saturation.  If  a portion  of  hydrogen,  which  is  an 
inflammable  gas,  and  the  lightest  known  ponderable  substance, 
be  confined  in  a strong  phial,  and  a portion  of  oxygen,  a sup- 
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porter  of  combustion,  and  sixteen  times  heavier,  in  a similar 
vessel,  and  the  two  be  connected  together  by  a narrow  tube, 
three  or  four  feet  long,  tlie  hydrogen  being  placed  above,  in  the 
course  of  a short  time  the  heavier  air  mil  be  drawn  up  by  the 
lighter,  and  the  lighter  drawn  down  by  the  heavier,  so  that  a 
perfect  and  equal  mixture  of  the  two  will  take  place,  and  an 
explosive  compound  will  be  found  in  both  the  phials;  and  the 
same  property  belongs  to  all  gases.  In  the  same  way,  if  water 
be  introduced  into  a receiver  of  perfectly  dry^  air,  evaporation 
will  immediately  commence,  and  vapour,  of  exactly  the  same 
tension  as  that  which  at  the  same  temperature  would  rise  in 
vacuo,  mixes  with  the  atmosphere.  Dr.  Dalton,  to  whose  clear 
views  upon  this  subject  science  is  greatly  indebted,  expressed 
this  general  fact  by  stating,  that  “ One  gas  acts  as  a vacuum 
with  respect  to  another By  this  he  did  not  mean  to  assert 
that  the  process  of  diffusion  takes  place  with  the  same  velocity 
as  if  it  were  a real  vacuum:  because  the  particles  of  oiae  gas  he 
conceived  afford  a mechanical  impediment  to  the  progress  of  the 
other;  but  that  the  ultimate  result  is  the  same. 

§ 99.  The  process  of  endosmose,  which  we  have  already 
examined  in  the  case  of  liquids,  is  also  capable  of  being  main- 
tained by  aeriform  bodies,  and  has  been  the  means  of  throwing 
much  light  upon  the  diffusion  of  gases. 

If  a portion  of  common  air  be  confined  in  a wide-mouthed 
jar,  by  tying  tightly  over  it  a piece  of  sheet-caoutchouc,  and  the 
jar  be  placed  under  a large  beU-glass  filled  with  hydrogen  gas, 
the  hydrogen  will  gradually  penetrate  the  partition,  and  on 
coming  in  contact  wfith  the  air  will  mingle  with  it,  till  succes- 
sive portions  thus  packing  themselves  into  the  confined  space, 
will  act  with  such  elastic  force  upon  the  caoutchouc  as  to 
distend  it  in  a globular  form,  and  ultimately  burst  it.  The 
experiment  may  be  varied  by  suspending  a membraneous  bag, 
such  as  the  stomach  of  a rabbit,  or  other  small  animal,  filled 
with  common  air,  in  an  atmosphere  of  carbonic  acid;  the  latter 
mil  penetrate  to  the  former,  and  ultimately  burst  the  bag.  The 
endosmose  is  accompanied  by  an  exosmose,  as  in  the  case  of  the 
two  liquids,  but  the  amount  of  the  gas  which  passes  in  so  much 
exceeds  that  of  the  gas  which  passes  out,  that  it  produces  the 
effect  which  has  just  been  indicated.  By  the  slow  action  of  the 
same  forces,  hydrogen  gas,  confined  in  a bell-jar  which  has  a 
crack  in  its  side,  will  gradually  make  its  escape:  and  any  gas 
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placed  under  a glass  receiver,  surrounded  by  quicksilver,  will 
slowly  diffuse  itself  into  the  atmosphere,  by  creeping  through 
the  inten^als  between  the  metal  and  the  glass,  which  do  not 
perfectly  adhere  together. 


§ 100.  The  law  of  the  diffusion  of  gases  has  been  most 
beautifully  determined  by  Professor  Graham,  by  means  of  what 
he  has  named  a diffusion-tube,  which  is  simply  a graduated  tube 
closed  at  the  upper  end  by  plaster  of  Paris,  or  some  other 
porous  substance.  When  such  a tube  is  carefully  filled  over 
water,  with  hydrogen  gas  for  instance,  the  closed  end  being 
kept  dry,  the  hydrogen  will  immediately  begin  to  flow  through 
the  pores,  and  diffuse  itself  in  the  air,  and  that  with  such 
velocity  as  to  draw  up  after  it  a column  of  water  of  considerable 
height.  The  rise  of  the  water  commences  immediately,  and 
forms  a A’^ery  striking  experiment.  In  a tube  fourteen  inches 
long  it  will  ascend  six  or  eight  inches  in  as  many  minutes. 
The  atmospheric  air  tends  also  to  pass  in  the  opposite  direction, 
and  as  the  elasticity  of  the  air  in  the  tube  decreases  it  is 
gradually  forced  through  the  pores  by  the  mechanical  pre- 
dominance of  the  exterior  pressure,  and  puts  an  end  to  the 
escape.  In  accurate  experiments  this  may,  howeA^er,  be  guarded 
against  by  gradually  sinking  the  tube  in  the  water-bath,  so  as  to 
maintain  the  water  in  the  interior  at  the  same  level  as  at  the 
exterior.  When  the  diffusion-tube  is  stopped  with  finely 
divided  or  spongy  platinum,  tightly  hammered  into  a brass 
collar,  the  process  goes  on  with  the  greatest  advantage.  By 
experiments  with  the  diffusion-tube  Professor  Graham  deter- 
mined that  each  gas,  at  the  same  pressure  and  temperature,  has 
a diffusiveness  peculiar  to  itself,  which  is  greater  as  its  density 
is  less;  being  inversely  proportional  to  the  square  root  of  the 
density  of  the  gas.  Thus  the  density  of  the  air  being  1,  its 
diffusiveness  is  1 also.  The  square  roots  of  the  densities  of  the 
following  gases  is  here  set  down,  and  the  power  of  diffusion  as 
calculated  is  this  manlier. 


Flydrogen  . 
Oxygen 
• Nitrogen 
Steam 

and  0.2627  : 1 : : 1 
1.052  : 1 : : 1 
0.986  : 1 : : 1 
0.788  : 1 : : 1 


VO.069  = 0.2627 
Vl. 105=  1.052 
VO.972- 0.986 
U0.620=  0.788 

3.807  = Diffusiveness  of  Hydrogen. 

0.946=  „ • of  Oxygen. 

1.014=  „ of  Nitrogen. 

1.269=  „ of  Steam. 
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The  results  of  experiments  coincide  so  exactly  with  the  law, 
that  the  density  of  a gas  may  conversely  be  determined  by 
experiment  ujoon  its  diffusiveness. 

The  law  of  gaseous  diffusion,  it  has  been  shown,  is  included 
under  Dalton’s  hypothesis,  that  one  gas  acts  as  a vacuum  with 
respect  to  another;  for  from  the  physical  properties  of  gaseous 
bodies  it  may  be  deduced  that  the  velocities  of  gases  floudng 
into  a vacuum  under  like  circumstances,  are  inversely  as  the 
square  roots  of  their  densities.  The  velocity  of  air,  of  standard 
density,  rushing  into  a vacuum  has  been  found  to  be  about 
1300  feet  in  a second  of  time*. 

§ 101.  It  is  scarcely  possible  duly  to  appreciate  in  the 
vast  economy  of  terrestial  adaptations,  the  importance  of  this 
mechanism  by  which  gases  and  vapours  rapidly  permeate  each 
other’s  bulks,  and  become  equally  diffused.  The  atmosphere 
which  surrounds  the  globe  consists,  as  we  shall  hereafter  show, 
of  a mixture  of  several  aeriform  fluids  in  certain  fixed  propor- 
tions, upon  the  proper  maintenance  of  which,  “ by  measure  and 
by  weight,”  the  welfare  of  the  whole  organic  creation  depends. 
The  processes  of  resjDiration  and  combustion  are  perpetually 
tending  to  the  destruction  of  these  nicely-adjusted  proportions, 
by  the  abstraction  of  the  vital  air,  and  the  substitution  of 
another,  which  is  a deadly  poison  to  animal  life;  and  yet,  by 
the  simple  means  which  we  have  described,  the  poisonous  air 
is  not  allowed  to  accumulate,  but  diffuses  itself  instantly  through 
surrounding  space,  while  the  vital  gas  rushes,  by  a counter 
tendency,  to  supply  the  deficiency  which  the  local  consumption 
has  created.  Hence  the  invarible  uniformity  of  this  mixture, 
which  is  one  of  the  most  surprising  phenomena  where  aU  is 
admirable.  The  most  accurate  examination  has  been  made  of 
air  which  has  been  taken  from  localities  the  most  opposed  to 
each  other  in  all  the  circumstances  which  can  be  conceived  to 
affect  its  purity;  by  means  of  a balloon,  from  a height  of  22,000 
feet  above  the  level  of  the  sea; — from  the  surface  of  the  ocean; 
— from  the  heart  of  the  most  crowded  districts  of  the  most 
populous  cities; — from  the  summit  of  Mont  Blanc;— from 
within  the  Polar  Circle; — and  from  the  Equator;  and  no  dif- 
ference has  been  detected  in  the  proportions  of  its  jDrincipal 
constituents.  We  shall  return  to  this  subject  when  we  touch 
upon  the  properties  of  the  different  kinds  of  matter  which 
constitute  this  wonderful  mixture. 

* Young’s  Natural  Philosophy,  vol.  i.,  p.  279. 
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§ 102.  To  complete  our  view  of  heterogeneous  adhesion, 
there  is  one  more  class  of  phenomena  to  which  it  is  necessary 
to  advert,  and  which  is  dependent  upon  the  different  degrees  of 
intensity  in  which  that  force  exists  between  different  bodies. 
Let  us  take,  as  a simple  illustration,  the  three  substances,  rosin, 
water,  and  spirits  of  wine;  between  the  two  liquids  the  attrac- 
tion is  very  powerful,  and  they  may  be  mixed  together  in  any 
proportions;  between  the  spirit  and  the  rosin,  the  attraction  is 
also  strong,  and  the  solid  is  readily  dissolved  in  the  liquid; 
betu'een  the  rosin,  however,  and  the  water,  there  is  scarcely 
any  attraction;  the  former  is  just  capable  of  having  its  surface 
wetted  by  the  latter,  but  it  is  wholly  insoluble  in  it.  Now  if 
we  take  a solution  of  rosin  in  spirit,  and  pour  water  into  it,  the 
rosin  will  resume  its  solid  form,  and  wdll  be  precipitated,  as  it  is 
termed,  or  fall  to  the  bottom  of  the  vessel  in  which  the  experi- 
ment is  made.  The  attraction  between  the  spirit  and  the  water 
is  greater  than  that  between  the  spirit  and  the  rosin,  con- 
sequently it  abandons  the  latter  to  unite  itself  with  the  former; 
and  this  goes  by  the  name  of  elective  attraction,  as  the  water  is 
figuratively  supposed  to  exert  a choice  between  the  two  bodies, 
to  both  of  'which  it  is  capable  of  attaching  itself.  If,  again,  we 
pour  some  oil  of  vitriol  into  a saturated  solution  of  blue  -vitriol, 
we  shall  have  another  instance  of  elective  attraction.  The  "Heater 
■vs'hich  held  the  salt  in  solution  will  be  abstracted  by  the  superior 
force  of  the  acid,  and  the  salt  will  be  precipitated  in  the  solid 
form. 

The  same  play  of  attraction  is  also  found  in  the  case  of 
gaseous  bodies,  and  if  -R^ell-burned  charcoal  be  shaken  with  a 
solution  of  sulphuretted  hydrogen  in  water,  it  will  entirely 
abstract  tbe  gas,  so  that  the  water  will  not  only  be  completely 
inodorous,  but  the  most  delicate  tests  will  fail  to  detect  in  it 
the  slightest  remains  of  gas. 

§ 10.3.  The  most  usual  practical  mode  of  separating 
bodies  which  are  united  by  the  force  of  heterogeneous  adhesion, 
is  by  effecting  changes  in  their  physical  states  by  means  of 
changes  of  temperature.  If  it  be  required  to  recover  a soHd 
from  its  solution  in  a liquid,  the  solution  is  placed  in  a shallow 
pan  or  basin,  and  beat  applied,  when  the  liquid  will  be  eva- 
porated, and  the  solid  remain.  If  it  be  necessary  to  presence 
the  liquid  also,  as  a valuable  product,  the  process  is  carried  on 
in  close  vessels,  and  the  vaporized  liquid,  after  quitting  the 
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solid,  is  condensed  by  refrigeration  in  a separate  vessel.  The 
process  is  eaUed  distillation,  and  may  also  be  applied  to  mix- 
tures of  liquids  of  different  degrees  of  volatility. 

The  abstraction  of  heat,  and  the  consequent  decrease  of  the 
force  of  self-repulsion,  or  the  increase  of  homogeneous  cohesion, 
may  also  occasionally  be  employed  for  the  same  purpose.  Thus, 
by  the  application  of  cold  the  aqueous  part  of  sea-water  may  be 
frozen,  and  a strong  brine  will  remain  behind;  or  brandy,  or 
any  other  mixture  of  water  and  alcohol,  may  be  frozen  so  as  to 
leave  the  spirituous  part  nearly  in  a state  of  purity.  Vapours, 
again,  may  be  separated  from  gases,  by  a reduction  of  tem- 
perature; but  other  forces  must  be  had  recourse  to  for  the 
separation  of  mixed  gases,  on  account  of  the  inadequacy  of  all 
ordinary  means  to  affect  their  physical  state. 

VI.  CRYSTALLIZATION. 

§ 104.  We  must  yet  pause  for  a short  time  upon  the 
equilibrium  of  the  two  forces  of  heterogeneous  and  homogeneous 
attraction;  or  rather  upon  the  exact  moment  when  the  latter  is 
about  slowly  to  assume  the  ascendancy,  and  to  withdraw  a solid 
from  its  solution  in  a liquid  under  the  influence  of  the  former. 
We  have  already  noticed  the  similar  phenomena  which  present 
themselves  when  the  force  of  homogeneous  attraction  begins 
gradually  to  prevail  over  homogeneous  repulsion  (§  77) : tbe  parti- 
cles do  not  solidify  into  confused  masses,  but  arrange  themselves 
with  the  utmost  order  of  internal  structure  and  external  form. 

When  the  water  of  a solution  of  sugar  has  been  partially 
abstraeted,  and  the  concentrated  syrup  left  for  some  time  at 
rest,  this  kind  of  regular  solidification  takes  place;  the  force  of 
cohesion  builds  up  the  solid  into  the  regular  well-known  forms 
of  sugar-candy.  If  this  process  of  consolidation  be  hastened, 
or  disturbed,  the  crystallization  takes  plaee  in  a eonfused 
manner,  and  the  texture  of  the  mass  is  that  of  loaf-sugar. 

All  those  bodies  which  are  denominated  salts,  and  many  of 
which  are  very  commonly  known,  crj'^stallize  in  this  manner 
from  their  solution,  and  present  forms  of  the  utmost  symmetry 
and  beauty:  thus  common  salt,  under  ordinary  circumstances, 
assumes  the  form  of  the  cube;  alum,  that  of  the  octohedron; 
saltpetre,  that  of  a six-sided  prism;  and  epsom  salt,  that  of  a 
four-sided  prism.  The  largeness  and  regularity  of  the  forms 
are  in  general  proportionate  to  the  slowness  of  the  operation. 
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and  the  quantity  of  solution  from  which  the  crystals  are  depo- 
sited. Many  cr^'stals  are  met  with  in  nature  which  cannot  yet 
be  formed  by  art;  such  as  rock  crystal,  in  beautiful  six-sided 
prisms;  the  diamond,  in  the  form  of  the  octohedron,  &c.,  &c.; 
but  we  cannot  doubt,  from  analogy,  that  they  are  produced 
by  the  same  species  of  operation  as  those  which  we  can  repeat 
in  our  laboratories.  The  modifications  of  forces,  which  were 
opposed  to  their  cohesion,  and  gave  their  particles  freedom  of 
action  by  suspending  and  counteracting  its  power,  may  be,  in 
many  cases,  vmknown  to  us,  but  the  principle  of  their  operation 
is  plainly  to  be  recognised. 

§ 105.  Tlie  ascendancy  of  cohesion  is  sometimes  deter- 
mined by  apparently  slight  and  almost  inappreciable  circum- 
stances. Agitation,  or  a mere  vibration,  the  contact  of  some 
foreign  substance,  or,  more  certainly,  the  contact  of  a crystal 
of  the  same  substance,  will  cause  the  crystallization  to  commence. 
It  will  almost  always  take  place  round  any  solid  centre  or 
nucleus  which  may  be  presented  to  it,  provided  such  solid  be 
capable  of  being  wetted  Ijy  the  liquid.  In  the  manufacture  of 
sugar-candy,  verdigris,  sulphate  of  copper,  prussiate  of  potash, 
&c.,  strings,  tvngs  of  wood,  and  wires  are  placed  in  the  solutions, 
and  may  generally  be  found  in  the  centres  of  very  large  groups 
of  these  crystals. 

If  a large  glass  flask,  with  a long  neck,  be  filled  with  a 
saturated  solution  of  glauber  salts  (sulphate  of  soda),  and  boiled, 
so  as  that  the  steam  may  expel  all  the  common  air,  and  the 
mouth  of  the  flask  be  accurately  closed  with  a good  cork  whilst 
the  vapour  is  rushing  out,  it  may  be  cooled  down  to  the  common 
temperature  of  the  air,  in  a quiet  place,  wdthout  depositing  any 
crj'stals.  Upon  withdrawing  the  cork  the  air  will  rush  into  the 
void  space  formed  by  the  condensation  of  the  steam,  and  crys- 
tallization will  almost  immediately  commence. 

This  action,  as  well  as  that  of  the  solid  nucleus,  may  probably 
be  explained  by  the  assisting  action  of  the  heterogeneous  attrac- 
tion of  the  foreign  body  for  the  water  of  the  solution.  A portion 
of  the  latter  attaches  itself  to  the  air,  which  it  absorbs,  or  to 
the  solid,  which  it  wets,  and  is  withdrawn  from  the  solution,  the 
crystallization  of  which  is  thus  determined. 

If  a mixed  solution  of  two  salts,  such  as  nitre  and  glauber 
salts,  be  made,  and  divided  into  two  portions,  the  suspension  in 
one  of  a crystal  of  nitre  will  determine  the  solidification  of  tliat 
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salt  alone,  whilst  only  sulphate  of  soda  will  be  precipitated  in 
the  other  by  a crystal  of  the  latter  salt. 

The  influence  of  foreign  bodies,  in  modifying  the  act  of 
crystallization,  is  also  shown  in  another  way:  salts  which  are 
formed  in  tm-bid,  muddy  solutions,  containing  earthy  or  carbo- 
naceous substances,  are  generally  of  a larger  size,  and  some- 
times of  different  forms  from  those  which  are  deposited  from 
pure  water.  Thus,  in  the  manufacture  of  tartaric  and  citric 
acids,  the  rough,  brown,  crystals  of  the  first  process  are  always 
much  larger  and  bolder  than  those  of  the  pure  transparent 
products  of  the  last  operation,  and  when  some  of  the  animal 
substance  urea  is  added  to  a solution  of  common  salt,  the 
crystals  which  are  deposited  from  it  are  of  the  octohedral, 
instead  of  the  cubic  form. 

§ 106.  Crystals  may  be  increased  in  size,  and  modified 
in  form,  by  artificial  management,  according  to  a process  dis- 
covered by  M.  Le  Blanc.  This  consists  in  selecting  very 
regular  crystals  of  a salt  that  have  been  newly  formed,  and 
placing  them  in  a saturated  solution  of  the  same  salt.  A regular 
solidification  of  fresh  matter  will  take  place  upon  them,  and  as 
the  side  which  is  in  contact  with  the  containing  vessel  receives 
no  increase,  they  must  be  turned  daily  to  preserve  their  regu- 
larity. After  some  time  the  largest  and  most  regular  of  these 
crystals  is  selected,  and  the  same  process  repeated  upon  them; 
and  thus  crystals  larger  and  more  regular  than  are  usually 
formed  in  a solution  may  be  obtained. 

Dr.  Wollaston  made  a remark  upon  the  spontaneous  grovTh 
of  large  crystals  at  the  expense  of  small  ones,  in  the  same 
solution  exposed  to  changes  of  temperature,  which  illustrates 
in  a beautiful  manner  the  alternate  ascendancy  of  the  two 
antagonist  forces.  When  the  temperature  rose  the  solvent 
power  of  the  liquid  was  increased,  and  some  of  the  solid  matter 
of  the  crystals  was  abstracted;  but  when  the  temperatm'e  again 
fell  this  was  deposited  in  a greater  proportion  upon  the  larger 
masses  than  upon  the  smaller,  so  that  the  latter  were  in  the 
end  entirely  taken  up,  and  deposited  upon  the  former. 

§ 107-  Crystallographers  early  observed,  that  certain 
crystalline  forms  were  peculiar  to  certain  classes  of  substances: 
thus,  each  of  the  different  salts  which  have  been  already  named, 
has  its  appropriate  form:  calcareous  spar  crystallizes  in  rhom- 
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bohedrons;  fluor  spar,  in  cubes;  quartz,  in  six-sided  prisms, 
terminated  by  six-sided  pyramids.  Crystalline  form  may  there- 
fore serve,  to  a certain  extent,  as  a ground  of  distinction  between 
different  substances,  and  is  accordingly  employed  by  mineralo- 
gists to  distinguish  one  mineral  from  another.  It  is  also  very 
sennceable  to  chemists,  in  assisting  them  to  distinguish  different 
species  of  the  numerous  class  of  salts. 

Crystallography,  however,  from  its  great  extent,  now 
constitutes  a separate  branch  of  science,  and  it  does  not  fall  within 
the  compass  of  our  present  plan  to  do  more  than  attempt  a 
comprehensive  view  of  the  more  simple  geometrical  forms  which 
these  sohds  assume,  and  the  general  laws  by  which  they  are 
hmited  and  connected  together. 

§ 108.  The  surfaces  which  bound  the  figures  of  crystals 
are  called  planes  or  faces,  and  are  generally  flat.  The  lines 
formed  by  the  junction  of  the  two  planes  are  termed  edges;  and 
the  angle  formed  by  two  such  edges,  ^ plane  angle;  a solid  angle 
is  the  point  formed  by  the  meeting  of,  at  least,  three  planes. 
Their  forms  are  commonly  divided  mto  primitive  wid  secondary ; 
amongst  the  principal  primitive  forms  are  reckoned  the  tetra- 
hedron, the  cube,  the  octohedron,  the  six  and  four-sided  prisms, 
the  rhombohedron  (24). 


§ 109.  It  is  very  seldom  indeed  that  these  forms  are 
perfect  and  complete;  sometimes  extra  faces  are  formed  by  the 


Tlie  Cube. 


The  Hexahedral 
Prism. 


The  Rhomboidal 
Dodecahedron. 


The  Triangular 
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replacement  of  an  edge,  or  the  truncation  of  an  angle.  It  seems 
as  if  the  architecture  of  nature  had  been  interrupted  in  midway; 
but  it  is  always  obvious  that  if  the  process  had  been  continued, 
the  perfect  form  would  have  resulted.  Secondary  forms  may 
be  conceived  to  be  derived  from  a primitive  intention,  so  to 
speak,  checked  in  the  original  direction,  and  forced  into  another. 
Thus  all  the  eight  angles  of  a cube  may  be  conceived  to  be 
truncated,  and  replaced  by  eight  triangular  faces;  an  extension 
of  which  faces  would  totally  obliterate  the  original  planes  of  the 
cube,  and  a secondary  octahedron  would  be  formed. 

§ 1 10.  The  science  of  crystallography  reqiiires  the  most 
exact  measurement  of  the  angles  and  inclination  of  the  planes  of 
crystals;  and  the  instruments  by  which  this  is  effected  are  called 
goniometers. 

The  simplest  of  these  consists  of  a protractor,  or  semicircular 
scale  of  degrees,  and  a small,  pair  of  compasses  or  nippers, 
between  which  the  sides  of  the  crystal  are  adjusted,  and  the  legs 
of  which,  crossing  each  other  at  the  centre,  show  upon  the  scale 
the  number  of  degrees  included  between  them  (25). 

But  the  reflecting  goniometer  of  Dr.  Wollaston  is  at  once 


(25)  A A is  graduated  brass  semicircle,  and  b b b B,  a pair  of 
proportional  compasses,  moving  upon  the  centre,  and  capable  of  being 
lengthened  or  shortened  by  sliding  upon  the  same  centre.  The  faces 


of  the  crystal  are  embraced  by  the  exterior  legs  of  the  compasses,  and 
the  value  of  the  angle  comprised  between  them  may  be  read  off  upon 
the  semicircle  by  the  knife  edge  of  the  leg  b c B. 
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the  most  accurate,  useful,  and  elegant  of  these  instruments.  A 
ray  of  light  reflected  from  the  surface  of  the  crystal  is  employed 
as  the  radius  of  the  circle,  instead  of  the  prolongation  of  the 
surface  itself.  One  plane  of  the  crystal  is  brought  into  a fixed 
position  with  regard  to  the  measuring  circle,  by  means  of  the 
ray,  and  the  inclination  of  an  adjoining  plane  is  determined  by  the 
arc  which  it  is  necessary  to  turn  the  crystal  to  bring  the  second 
plane  into  the  position  of  the  first.  This  method  is  so  accurate 
that  it  udll  give  the  inclination  of  planes  to  each  other,  whose 
area  is  less  than  of  inch,  to  a minute  of  a de- 
gree (26).  

(26)  a b is  the  principal  circle,  graduated  on  the  edge  to  half 
degrees;  c is  a brass  plate,  graduated  as  a vernier,  and  fixed  upon  the 
pill.ar  d]  ff  is  the  axle  of  the  circle,  and  passes  through  the  ujrper 
part  of  the  two  pillars  d e;  g A is  an  axle  inclosed  Avithin  y jT,  and 
turned  hy  means  of  the  small  circle  *,  which  communicates  a motion 
to  all  the  apparatus  on  the  left  of  h,  without  moving  the  principal 
circle.  The  latter  is  turned  hy  moving  k;  and  as  the  axle  of  the 
principal  circle  includes  the  former,  Ave  necessarily  move  the  Avhole 
instrument  by  moving  the  circle  k.  The  crystal  to  he  measured  is 
fixed  by  Avax  to  the  end  of  a plate  of  brass,  w,  placed  in  the  upper 
part  of  the  brass  stem  o,  hy  the  movements  of  Avhich,  combined  Avith 
the  motion  of  the  interior  axis,  it  may  he  accurately  adjusted  by  com- 


parison Avith  some  fixed  horizontal  line,  to  which  its  principal  edges 
are  to  be  made  parallel.  The  reflected  image  of  the  bar  of  a AvindoAv, 
from  the  faces  of  the  crystal,  compared  Avith  another  b.'ir,  Avill  ansAver 
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§111.  But  the  slow,  undisturbed  progressive  action  of  the 
cohesive  force  not  only  determines  the  symmetry  of  the  exter- 
nal figures  of  crystals,  but  confers  upon  them  an  internal  structure 
which  is  equally  regular,  and  from  which  it  has  been  inferred  that 
they  are  composed  of  imperceptible  molecules  of  certain  geome- 
trical dimensions,  no  less  definite  than  the  sensible  solids  whose 
properties  they  determine.  This  is  not  immediately  apparent 
to  the  eye,  but  is  indicated  by  the  action  of  any  force  carefully 
apphed,  and  just  sufficient  to  destroy  their  texture.  Mechanical 
force  even  is  sufficient  to  indicate  the  regularity  and  difference 
of  arrangement  in  different  species.  It  was  long  known  to 
diamond-cutters  that  that  precious  gem  might  be  split  in  cer- 
tain directions  with  greater  facility  than  in  others,  but  M.  Haiiy 
was  the  first  to  employ  cleavage  in  the  regular  dissection  of 
crystals. 


§ 112.  He  took  a six-sided  prism  of  calcareous  spar,  and 
in  attempting  to  split  it  by  the  edge  of  a knife,  gently  struck  on 
the  back  with  a small  hammer,  he  found  that  of  the  six  edges  of 
the  superior  base  the  three  alternate  only  jdelded  to  the  blow, 
and  that  the  division  there  took  place  at  a certain  determinate 
angle.  The  three  intermediate  edges  resisted  this  division;  but 
in  applying  the  same  force  to  the  inferior  base  of  the  ci^’^stal  the 
intermediate  edges  alone  yielded.  By  following  up  this  cleavage, 
in  the  natural  directions  thus  pointed  out,  the  new  formed  faces 
met  together,  and  he  at  length  obtained  an  obtuse  rhombohedron 
of  definite  angles,  which  was  further  divisible,  in  the  direction 
of  its  planes,  into  an  infinite  number  of  similar  smaller  rhombo- 
hedrons.  He  also  found  that  any  crystal  of  calcareous  spar,  of 


the  purpose  very  well.  The  circle  must  be  adjusted  to  0°  when  the 
crystal  is  in  this  position,  and  then  hy  turning  it  round  till  the  reflec- 
tion of  the  same  bar  is  seen  from  an  adjoining  face,  the  number  of 
degrees,  &c.,  read  off  by  the  vernier,  will  measure  the  complement  of 
the  angle  which  they  make  together. 

In  a section  of  the  crystal,  let  A c B 
be  the  angle  formed  by  two  of  its  planes, 
let  a 6 he  the  ray  of  light,  which  after 
reflection  will  enter  the  eye  at  c.  If  the 
crystal  he  now  turned  round,  till  the  side 
c B come  into  the  position  of  c a,  it  is 
obvious  that  the  crystal  must  have  gone 
through  an  angle  equal  to  n c B,  which  is  the  supplement  of  a c B,  the 
angle  formed  by  the  planes  of  the  crystal. 
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whatever  exterior  form  (and  its  varieties  amount  to  several 
hundred),  could,  by  careful  cleavage,  be  resolved  into  similar 
solids,  and  into  no  other  regular  geometrical  shape;  the  form 
persisting  to  the  utmost  limit  to  which  regular  mechanical  divi- 
sion can  be  carried  (27). 


§ 113.  Other  substances  are  capable  of  similar  dissec- 
tion; but  the  ultimate  form  is,  in  many  cases,  peculiar  to  the 
substance  so  examined.  A crystal  of  galena,  (sulphuret  of  lead,) 
whether  of  a cubic  or  octohedral  shape,  can  readily  be  separated 
by  mechanical  force  into  a number  of  small  cubic  particles. 

If  we  take  a cube  of  fluor-spar,  and  apply  the  edge  of  a 
knife  with  a little  dexterity,  we  shall  find  that  its  eight  solid 
comers  may  be  removed,  and  that  the  new  formed  planes  will 
coincide  with  those  of  a regular  octohedron.  We  may  go  on 
separating  slices  from  any  of  these  faces,  all  of  which  may  be 
split  into  acute  rhombohedrons.  These  rhombohedrons,  unlike 
the  obtuse  rhombohedrons  of  calcareous  spar,  will  be  found  to  be 
not  only  divisible  in  directions  parallel  to  their  six  faces,  but 
may  be  divided  into  two  tetrahedrons  and  one  octohedron. 
The  four  solid  angles,  again,  of  the  two  tetrahedrons  may  be 
split  off,  and  two  octohedrons  will  remain;  and  the  octohedrons 
again  may  be  divided  into  six  smaller  octohedrons  and  eight 
tetrahedrons.  Thus  the  whole  mass  may  be  resolved  into  tetra- 
hedra  and  octohedra,  no  one  of  which  can  we  conceive  so  small 
as  not  to  be  again  divisible  in  a similar  manner  (28). 


(27)  a b c — a h c represents  a six-sided 
prism  of  calcareous  spar ; at  b and  c above,  and  c 
below,  are  shown  three  of  the  new  faces  pro- 
duced by  the  cleavage,  which  are  inclined  at  an 
angle  of  45°.  The  obtuse  rhombohedron  is  seen 
in  its  relative  situation  to  the  including  prism. 
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derivable  from  the  cleavage  of  Huor-spar.  The  cube,  e f,  c f,  is  con- 
vertible into  the  octohedron,  a b c cl,  by  division  in  (he  direction  of  its 
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§ 114.  Such  a regular  cleavage,  or  yielding  of  the  force 
of  cohesion  in  particular  planes,  naust  obviously  depend  upon 
regularity  of  internal  structure,  which  may  also  be  made  to 
appear  lay  a gentle  application  of  other  than  mechanical  forces. 

If  we  take  a mass  of  alum  of  sufficient  size,  all  traces  of 
whose  exterior  crystaUine  form  have  been  removed  by  cutting 
and  grinding,  and  expose  it  to  the  solvent  power  of  water,  the 
fluid  wiU  act  upon  it  at  first  in  aU  directions  alike;  but  as  the 
water  approaches  its  point  of  saturation  the  force  of  hetero- 
geneous adhesion  diminishes,  and  is  nearly  balanced  by  the 
force  of  homogeneous  cohesion,  which  latter  only  yields  ulti- 
mately in  those  directions  of  least  resistance,  which  are  deter- 
mined by  the  regular  structure  of  crystaUine  arrangement. 
Under  these  circumstances  its  surface  wiU  become  embossed 
with  the  forms  of  octohedrons  and  sections  of  octohedrons,  and 
an  immense  variety  of  geometrical  figures  stamped,  as  it  were, 
or  carved  upon  its  substance  (29).  Other  salts  wiU  present 
analogous  phenomena,  and  metals  themselves,  which  have  been 
slowly  cooled  from  a state  of  fusion,  exhibit  a simUar  regular 
arrangement  of  their  particles  when  subjected  to  dissection  by 
the  force  of  chemical  affinity  in  the  action  of  acids.  A mass  of 
nickel  thus  soon  becomes  covered  with  tetrahedral  figures  of 
great  relief  and  beauty,  by  the  action  of  nitric  acid ; and  gold 
itself,  carefully  cast  and  cooled,  by  the  action  of  aqua  regia. 
The  beautiful  forms  of  the  Moiree  meiallique,  which  at  one 


solid  angles.  The  acute  rhomhohedron  may  also  be  extracted  from  a 
similar  cube,  by  making  two  successive  and  parallel  sections  in  the 


/ 


same  directions,  and  by  the  removal  of  tlie  tetrahedron  from  each 
extremity  the  octohedron  may  be  easily  obtained. 

(29)  The  following  figures  represent  the  dissected  forms  of  a 
mass  of  alum  in  water.  The  first  appear  upon  the  faces  which  are 
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time  excited  so  much  attention  and  admiration  in  their  applica- 
tion to  ornamental  purposes^  were  produced  by  the  action  of 
weak  acids  on  common  tin  plate^  and  the  very  cheapness  arising 
from  the  simplicity  of  the  operation  soon  brought  the  manu- 
facture into  disrepute. 

§ 115.  Heat  may  also  be  employed  as  the  antagonist 
force  to  develope  the  beautiful  architecture  of  homogeneous 
attraction.  If  a large  crystal  of  sulphuret  of  antimony  be  intro- 
duced into  a portion  of  fused  sulphuret^  and  the  heat  be  mode- 
rately continued^  it  will  begin  to  melt  do^vn;  but  so  far  from 
this  taking  place  vmiformly  at  the  surface,  crystals  will  some- 
times be  left  projecting  half  an  inch  from  it;  and  in  other  places 
the  cavities  left  by  fused  crystals  will  be  so  large,  and  have  such 
perfect  surfaces,  that  their  angles  may  readily  be  ascertained. 
In  order  to  observe  these  phenomena  it  is  only  necessary  to 
remove  the  half-fused  piece  of  sulphuret  from  its  hot-bath,  and 
allow  it  to  cool. 

§ 116.  Definite  structure  in  certain  solids,  which  cannot 
exactly  be  called  crystalline,  because  they  do  not  present  exact 
geometrical  figures,  may  be  rendered  apparent  by  a similar 
opposition  of  forces.  Pure  malleable  bar-iron,  by  the  action  of 
dilute  muriatic  acid,  may  thus  be  shown  to  be  constituted  of 
bundles  of  fibres  running  in  a parallel  and  unbroken  course 


inclined  to  each  other  at  the  same  angles  as  those  of  the  faces  of  the 
octohedron:  the  second,  upon  planes  which  would  be  tangents  to  the 


edges  of  the  same  figure,  or  upon  the  sides  of  a four-sided  prism,  of 
which  (he  two  pyramids  of  the  octohedron  would  he  (he  suimnits. 
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throughout  its  length;  while  different  varieties  of  cast  iron 
will  present  congeries  of  plates,  and  a structure  more  nearly 
approaching  the  crystalline.  The  peculiar  toughness  of  the  one, 
and  the  fragility  of  the  other,  derive  their  explanation  from  this 
difference  of  texture. 


§ 117.  The  regular  direction  and  antagonism  of  such 
forces  is  again  displayed  in  a very  interesting  manner,  by  the 
action  of  quicksilver  upon  small  bars  of  tin.  The  force  of  adhe- 
sion between  these  metals  is  very  strong,  and  is  capable  of 
entirely  overcoming  the  force  of  cohesion.  If  a small  square 
bar  of  tin  be  laid  horizontally,  be  just  covered  with  mercury, 
and,  to  preserve  uniformity  of  action,  be  frequently  turned  upon 
its  different  faces,  at  the  expiration  of  twenty-four  hours  minute 
fissures  will  begin  to  appear  along  its  lateral  and  terminal  edges. 
As  the  process  continues  the  cracks  will  widen,  and  about  the 
third  day  they  will  open  to  such  a degree  as  to  show  that  the 
bar  is  resolved  into  four  equal,  trihedral,  rectangular  prisms, 
with  two  equal  angles.  These  may  readily  be  separated  from 
each  other  by  the  point  of  a knife,  as  well  as  tw^o  similar  pyra- 
mids from  the  two  extremities,  with  angles  at  their  basis  of  45°. 
It  is  indifferent  to  this  result  whether  the  square  form  be  given 
to  the  bar,  by  casting,  hammering,  or  the  filing  down  of  any 
other  shape. 

Here  it  wotdd  appear,  that  as  the  mercury  penetrates  the 
four  faces  of  the  bar,  the  original  force  of  cohesion  is  weakened, 
a new  force  of  cohesion  between  the  particles  of  the  amalgam 
draws  them  towards  the  centre  of  the  four  rectangular  prisms 
into  which  we  may  conceive  the  bar  to  be  divided,  and  causes 
the  mass  to  separate  along  the  lines  of  least  resistance,  wdiich 
coincide  with  the  edges  (30). 

(30)  Dissected  bars. 


This  figure  shows 
the  four  trihedral  bars 
which  result  from  the 
disintegration  of  a 
square  bar  of  tin  by 
the  action  of  mercury. 


In  this  figure  is 
represented  the  regular 
crack  -which  occurs  in 
the  edge  of  the  bar  pre- 
viously to  its  final  sepa- 
ration, together  with  the 
small  pyramid  detached 
from  the  summit. 
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§ 118.  A similar  effect  may  be  produced  by  careful  ham- 
mering upon  bars  of  malleable  metals.  If  square  bars  be  ham- 
mered upon  the  edges,  and  the  blows  repeated  round  them,  so 
as  to  give  them  a cylindrical  shape,  they  soon  become  what  is 
technically  called  rotten,  and  break  into  fibres;  but  when  the 
blows  are  directed  parallel  to  their  faces,  they  are  capable  of 
great  extension;  but  many  of  them,  by  alternate  hammering 
upon  each  face,  ultimately  split  along  the  edges  in  a manner 
very  similar  to  that  which  is  produced  by  the  heterogeneous 
adhesion  of  the  mercury  to  the  bar  of  tin.  When  it  is  desired 
to  give  a round  form  to  any  part  of  a square  bar,  it  is  effected 
by  confining  it  in  a kind  of  form  or  mould,  and  the  mechanical 
force  thus  apphed  produces  an  equality  of  pressure.  It  is  by  a 
similar  precaution  to  equahze  the  pressure,  that  metals  are 
capable  of  being  drawn  into  fine  wires,  through  circular  holes  in 
steel  plates. 

A curious  and  interesting  discussion  has  lately  arisen  with 
regard  to  the  alteration  of  structure  which  the  iron  axles  of 
carriages  are  liable  to  from  the  perpetual  tremulous  vibration 
to  which  they  are  exposed  upon  the  railways.  The  toughest 
and  most  fibrous  wrought  iron  is  always  selected  for  the  pur- 
pose, but  it  is  believed  that  under  this  vibration  the  particles 
slowly  assume  a cr^’^staUine  arrangement  like  cast  iron,  and 
ultimately  become  brittle.  This  important  point  is  now  under- 
going the  careful  examination  which  it  so  well  deserves,  both 
in  a scientific  and  practical  point  of  view. 

§ 119.  The  phenomena  of  crystalline  structure  which 
have  now  been  described,  have  given  rise  to  two  rival  hypo- 
theses with  regard  to  their  cause,  and  to  account  for  the  forms 
of  the  molecules  which  are  thus  capable  of  being  built  up  into 
the  beautiful  geometrical  solids,  which  have  in  all  times  excited 
the  admiration  of  the  curious. 

Guided  by  the  meehanical  dissection  of  different  crystals,  of 
which  we  have  already  given  an  account,  M.  Haiiy  imagined 
that  the  form  whieh  was  ultimately  obtained  by  following  up  the 
cleavage  till  the  new  formed  planes  met  together  in  a symme- 
trical manner,  and  which  in  the  case  of  calcareous  spar  is  a 
rhombohedron  of  definite  angles  (27),  constituted  the  primitive 
form  of  the  substance,  and  was  the  form,  in  fact,  of  its  ultimate 
molecules.  From  aggregations  of  these,  externally  modified 
according  to  geometrical  laws,  he  conceived  all  secondary  forms 
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of  the  same  substance  might  be  produced.  There  is  no  diffi- 
culty, in  fact,  in  admitting  that  inconceivably  small  imraUe- 
lopipedons  of  all  varieties  of  angles,  may  be  built  up  into  masses 
which  wo\dd  have  the  same  relations  of  sides  and  angles.  He 
further  supposed  that  the  external  modifications  of  this  struc- 
ture, which  produce  the  numberless  varieties  of  secondary  ■ 
forms,  but  which  are  still  limited  by  certain  definite  geometrical 
relations  to  the  primitive  form,  originate  from  decrements,  or 
deficiencies  of  particles,  taking  place  in  the  act  of  crystallization, 
on  different  edges  and  angles  of  the  primitive  form.  Thus,  if 
upon  a compound  cube  made  up  of  a large  number  of  small 
cubes,  we  place  layers  of  cubic  particles,  decreasing  each  by 
a row  of  particles  parallel  to  the  edges,  till  a pyramid  is  con- 
structed upon  each,  terminating  in  a single  particle,  the  figure 
will  become  converted  into  a dodecahedron,  with  twelve  equal  I 
rhombic  faces  (31),  If  the  decrement  vf&re  to  take  ijlace  upon  ' 
the  angles,  instead  of  the  edges  of  the  original  cube,  the  figure  ' 
Avould  be  converted  into  an  octohedron.  By  decrements  of 
more  than  one  row  of  particles,  and  by  intermediate  and  mixed 
decrements  taking  place,  according  to  the  laws  of  symmetry,  it 
may  be  shown  that  an  almost  infinite  variety  of  secondary  forms 
may  be  constructed,  all  of  which  would  be  related  by  geome- 
trical laws  to  the  primitive  form,  and  all  of  which  might  be 
assumed  by  the  substance  to  which  it  belongs.  No  objection 
arises  to  this  hypothesis,  from  the  non-appearance  of  the  ori-  ; 

(.31)  The  structure  of  the  rhombic  dodecahedron  from  cubic 
particles  is  shown  in  this  figure: — 
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ginal  form  in  tliese  secondary  structures,  for  by  multiplying  the 
number  of  particles,  and  diminishing  their  size  continually,  we 
soon  arrive  at  a limit  where  the  primitive  solid  becomes  insigni- 
ficant, and,  in  fact,  is  actually  lost  in  the  comparison. 

§ 120.  But  we  have  already  seen  that  the  mechanical 
dissection  of  some  substances  affords  more  than  one  ultimate 
form,  as  in  the  case  of  fluor-spar.  Both  the  octohedron  and  the 
tetrahedron  result  from  the  cleavage  of  this  remarkable  sub- 
stance; which,  then,  is  to  be  taken  as  its  primitive  form, — the 
form  of  its  integrant  particles?  Neither  of  them,  by  their 
aggregation,  can  fill  space  like  parallelopipedons.  They  may  be 
both  symmetrically  arranged,  so  as  to  afford  to  the  eye  the 
external  forms  of  the  secondary  crystals,  which  may  be  geo- 
metrically calculated  from  their  various  decrements;  but  the 
tetrahedral  arrangements  would  be  regularly  interspersed  with 
octohedral  vacuities;  and  the  octohedral  with  tetrahedral  cavi- 
ties. Such  structures,  moreover,  would  be  unstable,  and  con- 
trary to  all  the  established  laws  of  attraction  in  matter  (32). 


(32)  The  following  figures  present  the  construction  of  tlie  tetra- 
hedron and  octohedron,  eacli  with  tetrahedral  and  octoliedral  particles. 


Octohedral  Tetrahedron. 


Tetrahedral  tletohedroii. 
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The  phenomena  of  dissection  would  he  quite  opposed  to  the 
hypothesis  that  solids  thus  attract  one  another  by  their  edgesj 
and  not  by  their  sides:  for  a cube  so  put  together  of  octohedral 
jDarticles  would  necessarily  split  in  directions  parallel  to  the 
faces  of  the  cube^  and  not  to  those  of  the  octohedron.  The  fact 
is,  that  M.  Haiiy  himself  was  not  unaware  of  the  difficulties  of 
his  system,  regarded  as  a physical  explanation  of  the  phenomena 
of  crystallization;  but,  without  insisting  upon  this  view  of  the 
subject,  as  some  of  his  disciples  have  injudiciously  done,  he 
made  use  of  it  in  a legitimate  way,  to  present  together  in  a 
general  point  of  view  a great  number  of  particular  facts;  and  it 
enabled  him  to  reason  from  the  known  to  the  unknoAvn  in 
a tnily  philosophic  manner.  Like  a geometrical  diagram,  it 
had  its  important  uses  in  the  advancement  of  science,  but  it  had 
no  physical  meaning*.” 

Dr.  Wollaston  proposed  by  another  ingenious  hypothesis, 
which  had  been  already  developed  to  a considerable  extent  by 
Dr.  Hook,  to  obviate  the  necessity  of  admitting  the  interstitial 
vacuities  in  those  arrangements  which  the  tetrahedral  and  octohe- 
dral  particles  afford.  He  suggested  that  the  elementary  particles 
of  this  class  of  substances  might  be  considered  to  be  perfect 
spheres,  and  to  assume  that  arrangement  which  would  bring 
as  near  to  each  other  as  possible. 

The  relative  position  of  any  number  of  equal  balls  in  the  same 
plane,  when  gently  pressed  together,  every  three  forming  an 
equilateral  triangle,  is  familiar  to  every  one;  and  it  will  be 
evident,  from  inspection  of  a number  of  small  shot  placed 
together  on  a plate,  that  if  they  were  cemented  together,  and 
the  stratum  thus  formed  were  afterwards  broken,  the  lines  in 
which  they  would  be  disposed  to  break  would  form  angles  of 
60°  with  each  other  (33). 

It  will  be  seen  that  the  tetrahedral  structure  is  interspersed  with  octo- 
hedral vacuities,  and  the  octohedral  with  tetrahedral  spaces;  so  that 
one  might  be  conceived  to  be  taken  out  of  the  other.  ( 

All  bodies  may  be  considered  as  attracting  each  other,  as  if  the  : 
whole  of  their  matter  were  condensed  into  their  centres  of  gravity,  j 

which  therefore  would  in  all  cases  be  drawn  as  closely  as  possible  I 

together:  under  this  law  solid  tetrahedra  and  octohedra  would  apply 
themselves  to  each  other  by  their  sides,  and  not  by  their  edges. 

(33)  The  arrangement  of  balls  pressed 
together  in  the  same  plane. 
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If  a single  ball  were  placed  at  rest  upon  such  a stratum,  it 
would  be  in  contact  with  three  of  the  lower  balls;  and  the  lines 
joining  the  centres  of  four  balls,  so  in  contact,  or  the  planes 
touching  their  surfaces,  would  include  a regular  tetrahedron, 
having  all  its  sides  equilateral  triangles.  The  construction  of 
the  acute  rhombohedron,  octohedron,  and  cube,  on  the  same 
principle,  is  as  simple  as  that  of  the  octohedron;  and  any  or  all 
of  these  solids  might  be  extracted  from  a sufficient  number  of 
such  spheres,  regularly  piled  up  in  the  order  which  is  adopted 
for  shot  in  arsenals,  without  disturbing  their  original  arrange- 
ment (34). 

§ 121.  Dr.  Wollaston  also  showed  that,  by  substituting 
for  these  molecules  forms  nearly  allied  to  the  sphere,  such  as 
oblate  and  oblong  spheroids,  many  forms  might  be  constructed 
which  would  not  result  from  perfect  spheres,  but  which  are  well 
known  to  crystallographers.  Thus  by  grouping  together  oblate 
spheroids,  the  proportion  of  whose  axes  are  as  1 to  2.87,  in  the 
same  manner  as  the  spheres  in  the  formation  of  the  acute 
rhombohedron,  an  oblate  rhombohedron  would  result,  whose 
angles  would  be  those  of  calcareous  spar.  All  solids  thus  com- 
posed would  obviously  be  split  by  mechanical  force,  in  direc- 
tions parallel  to  their  faces  (35). 

If  the  elementary  spheroids,  on  the  contrary,  were  oblong, 
instead  of  oblate,  their  centres  would  approach  nearest  to  each 

(34)  These  figures  represent  the  structure  of  the  tetrahedron, 
octohedron,  acute  rhombohedron,  and  cube,  with  spherical  particles. 


(35)  A rhombohedron,  formed  A six-sided  prism,  formed  of 
of  oblate  spheroidical  particles.  oblong  spheroidical  particles. 
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other,  by  mutual  attraction,  when  their  axes  M^ere  parallel,  and 
their  shortest  diameters  in  the  same  plane.  The  manifest 
consequence  of  such  a structure  would  be,  that  a solid  so  formed 
would  be  liable  to  split  into  plates  at  right  angles  to  its  axis, 
and  the  plates  would  divide  into  prisms  of  three,  or  six  sides, 
with  equal  angles;  a structure  and  a cleavage,  which  are  com- 
mon to  many  well-known  minerals,  as  the  beril,  phosphate  of 
lime,  &c. 

§ 122.  Amongst  the  physical  phenomena  which  are  calcu- 
lated to  lead  to  a knowledge  of  the  intimate  structure  of  crys- 
tallized bodies,  we  must  not  forget  to  mention  the  discovery  of 
Mitscherlich,  of  the  unequal  expansion  and  contraction  of 
certain  classes  of  crystals  by  changes  of  temperature.  Crj'^stals 
belonging  to  the  regular  system,  which  we  have  imagined  to  he 
composed  of  perfectly  spherical  particles,  expand  equally  in 
every  direction  by  heating.  Other  crystals  expand  more  in  one 
direction  than  another,  and  show  a tendency  to  approach  to  the 
nearest  form  of  the  regnilar  system.  Thus  the  angles  in  calca- 
reous spar  vary  8^'  between  the  temperatures  of  melting  ice  and 
boiling  water,  the  obtuse  angles  diminishing,  and  the  form 
approximating  to  the  cube.  The  experiment  by  which  Professor 
Mitscherlich  established  this  important  point  is  one  of  consider- 
able delicacy;  but  common  observation  will  be  sufficient  to 
prove  it  in  several  obvious  instances.  Melted  litharge,  allowed 
slowly  to  solidify  and  cool,  when  it  reaches  a particular  point 
flies  into  minute  fragments,  from  the  irregularity  of  its  contrac- 
tion; and  the  double  sulphate  of  potash  and  copper  exhibits  the 
same  phenomenon  in  a very  marked  manner.  If  a little  of  this 
salt  be  melted  in  a spoon  over  a spirit-lamp,  and  the  heat 
withdrawn,  it  congeals  into  a solid,  of  a brilliant  green  colour, 
and  remains  solid  and  coherent  till  the  temperature  sinks  to 
nearly  that  of  boiling-water,  when  all  at  once  its  cohesion  is 
destroyed,  and  the  whole  is  resoh'^ed  into  a heap  of  incoherent 
powder. 

§ 123.  As  far  as  it  has  been  examined,  the  hypothesis  of 
the  spherical  and  spheroidal  molecules  of  crystals  has  not  been 
found  inconsistent  with  any  of  the  established  laws  of  the  action 
of  force;  either  as  regards  the  attraction  which  is  conceived 
to  group  the  particles  together,  or  the  antagonist  forces  by  which 
they  may  be  modified,  cloven,  or  dissected;  but,  for  the  present, 
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crj-^stallographers  and  mineralogists  seem  to  have  agreed  to  drop 
all  specidations  with  regard  to  the  internal  structure  and  ultimate 
forms  of  the  molecules  of  crystals,  and  confine  themselves  to 
the  experimental  determination,  and  the  geometrical  relations  of 
their  exterior  forms. 

In  this  point  of  view  crystallography  is  founded  upon  our 
idea  of  symmetry,  or  a certain  definite  relation  of  the  parts  of 
a solid,  which  being  no  less  rigorous  and  precise  than  other 
relations  of  number  and  position,  is  capable  of  becoming  the 
sure  basis  of  science*.  Symmetiy  is  the  rule  in  all  the  king- 
doms of  nature,  and  a httle  reflection  upon  the  observations  of 
common  experience  will  be  sufficient  to  give  such  precision  to 
the  idea  as  is  necessary  for  its  scientific  application. 

The  bodies  of  animals  consist  of  two  equal  and  similar  sets 
of  members  on  their  right  and  left  sides.  Some  flowers  consist  of 
three  or  five  equal  sets  of  organs,  similarly  and  regularly  disposed. 
Thus  the  Iris  has  three  straight  petals  and  three  reflex  ones 
alternately  disposed.  The  rose  has  five  petals  of  the  corolla; 
and,  alternate  with  these,  as  many  sepals  of  the  calyx. 

This  orderly  and  exactly  similar  distribution  of  two,  three, 
and  four,  or  any  number  of  parts,  is  symmetry:  and  any  depar- 
ture from  such  order  we  look  upon  as  a deformity.  The  idea  is 
that  of  regularity ; of  completeness;  of  complex  simplicity f. 

Now  aU  the  symmetrical  members  of  a natural  product  are, 
under  like  circumstances,  alike  affected,  and  crystallography 
rests  upon  this  principle:  that  if  one  of  the  primary  planes  or 
axes  of  a cr^’stal  be  modified  in  any  manner,  all  the  sjunmetrical 
planes  and  axes  must  be  modified  in  the  same  manner. 

§ 124.  The  axes  of  symmetry  of  a crj’^stal  are  those  lines 
in  reference  to  which  every  face  is  accompanied  by  other  faces, 
having  the  same  positions  and  properties.  Thus,  a rhombo- 
hedron  of  calcareous  spar  may  be  placed  with  one  of  its  obtuse 
corners  uppermost,  so  that  all  the  three  faces  which  meet  there 
are  equally  inclined  to  the  vertical  line.  In  this  position  every 
derivative  face  which  is  obtained  by  any  modification  of  the 
faces  or  edges  of  the  rhombohedron,  implies  either  three  or  six 
such  derivative  faces;  for  no  one  of  the  three  upper  faces  of  the 
rhombohedron  has  any  character  or  property  different  from  the 
other  two;  and  therefore  there  is  no  reason  for  the  existence  of 
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a derivative  from  one  of  the  primitive  faces,  which  does  not 
equally  hold  for  the  others.  Hence  the  derivative  forms  will, 
in  all  cases,  contain  none  but  faces  connected  by  this  kind  of 
correspondence;  the  axis  thus  made  vertical  will  be  an  axis  of 
symmetry,  and  the  crystal  will  consist  of  three  divisions  ranged 
round  this  axis,  and  exactly  resembling  each  other. 

§ 125.  But  this  is  only  one  of  the  kinds  of  symmetry 
which  crystalline  forms  may  assume.  Instead  of  being  uniaxal, 
they  may  have  three  axes  of  complete  and  equal  symmetry  at 
right  angles  to  each  other,  as  the  cube,  and  the  regular  octo- 
hedron; — or  two  axes  of  equal  symmetry,  perpendicular  to  each 
other  and  to  a third  axis,  which  is  not  alfected  with  the  same 
symmetry  with  which  they  are;  such  a figure  is  a square 
pyramid; — or  they  may  have  three  rectangular  axes,  all  of 
unequal  symmetry,  the  modifications  referring  to  each  axis 
separately  from  the  other  two;  such  as  a right-rectangular  prism. 
The  law  of  crystalline  symmetry  is  such,  that  if  a face  of  a 
crystal  be  observed  to  bear  a certain  relation  to  one  of  the 
axes,  other  faces  must  fulfil  the  same  condition  with  regard 
to  the  equal  axes;  hence,  it  follows  that  the  forms  which  are 
allied  to  the  cube  or  octohedron,  all  of  whose  axes  are  equal, 
are  few,  simple,  and  of  perfect  symmetry. 

The  introduction  of  this  systematic  arrangement  of  crystalline 
forms  according  to  their  degree  of  symmetiy,  is  due  to  the 
concurrent  labours  of  Weiss  and  Mohs.  It  is  founded  upon 
mathematical  relations;  but  it  has  been  remarkably  confirmed 
by  some  striking  physical  properties  of  minerals,  particularly 
with  regard  to  their  action  upon  light.  A table  is  subjoined  of 
the  six  systems  of  Weiss  with  their  allied  forms  and  examples; 
their  relations  to  heat  and  light  are  also  added,  to  the  latter  of 
which  we  shall  have  occasion  to  refer  hereafter.  The  figures 
exhibit  the  relations  of  three  of  the  allied  forms  of  each  system 
to  the  axes  of  symmetr)",  a,  b;  except  the  first,  which  only 
includes  the  cube  and  octohedron. 
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§ 126.  There  is  one  curious  phenomenon  in  the  crj’stal- 
lization  of  certain  substances,  which  has  not  been  explained  by 
any  of  the  hypotheses  which  have  yet  been  framed,  and  which 
awaits  some  higher  stage  of  inductive  generalization  than  that 
at  which  we  are  at  present  arrived;  and  that  is,  they  are  capable 
of  assuming  two  forms,  which  belong  to  different  systems  of 
crj^stallization,  and  cannot  be  derived  the  one  from  the  other: 
these  have  been  called  dimorphous  bodies,  and  they  occur  both 
among  simple  and  compound  substances.  Sulphur  deposited 
from  solution  in  bi-sulphuret  of  carbon  crystallizes  in  octohedrons, 
with  rhombic  bases,  and  also  occurs  in  this  form  in  native 
specimens;  but  when  it  is  melted,  and  allowed  to  cool  slowly, 
till  part  of  the  mass  is  consolidated,  and  when  the  remaining 
liquid  is  poured  off,  crystals  are  obtained  in  the  form  of  an 
oblique  rhombic  prism.  These  two  forms  have  incompatible 
geometrical  relations  to  each  other.  Temperature  seems  to  be 
the  controlling  agent  of  these  changes;  if  the  crystal  be  formed 
below  232°  Fah.  it  assumes  the  first  form;  if  above  that  point, 
the  second.  This  is  proved  by  the  influence  of  temperature  on 
a crystal  of  either  system ; a crj’^stal  of  fusion,  when  first  formed, 
is  perfectly  transparent;  but  kept  at  common  temperatures  it 
becomes  opaque.  The  same  change  occurs  when  a native 
crystal  is  put  into  a solution  of  salt  at  232°.  The  opacity  is  in 
both  cases  produced  by  a breaking  up  of  the  old  crystal  and  a 
re-arrangement  of  the  particles  in  a stracture  corresponding  to 
the  crystaUization  peculiar  to  the  temperature.  Pure  carbon 
occurs  also  in  nature  in  two  states;  as  diamond,  which  crj’^staUizes 
in  regular  octohedrons;  and  as  graphite,  in  six-sided  plates, 
which  are  also  incompatible  forms.  Amongst  compound  bodies 
calcareous  spar,  as  we  have  seen,  crystallizes  with  the  rhom- 
bohedral  structure,  and  also  as  arragonite,  in  forms  which  have 
reference  to  a rectangular  octohedron;  and  iron  pyrites  is  also 
met  with  in  the  common  form  of  the  cube,  and  with  an  incom- 
patible prismatic  structure. 

§ 127.  There  are  some  solids  again,  which  are  capable  of 
slowly  changing  their  internal  structure,  or  of  even  rapidly 
passing  from  one  state  to  another,  when  the  unstable  equilibrium 
of  their  particles  is  disturbed  by  slight  mechanical  force. 

Sugar  which  has  been  rapidly  boiled  down  to  a solid  con- 
sistence, in  the  well-known  form  of  barley-sugar,  is  perfectly 
transparent,  is  difficultly  broken,  and  presents  a glassy  fracture  : 
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after  a little  time  it  becomes  opaque,  and  almost  frialjle.  In 
the  same  way  brass-wire  udll  in  the  lapse  of  time  become 
brittle,  and  unfit  for  mechanical  purposes.  If  crystals  of 
sulphate  of  nickel,  or  seleniate  of  zinc,  in  the  form  of  prisms,  be 
laid  on  paper,  and  exposed  to  the  rays  of  the  sun,  in  a few 
moments  they  will  become  opaque,  and  will  be  found  when 
broken  to  be  made  up  of  minute  octohedrons,  with  square 
bases.  Similar  crystals  of  sulphate  of  zinc  undergo  a like 
change,  but  more  slowly.  Fresh  sublimed  iodide  of  mercury 
also  affords  a beautiful  example  of  this  readjustment  of  the 
cohesive  force.  A slight  scratch  with  a hard  substance,  as  the 
point  of  a pin,  is  sufficient  to  set  the  particles  of  the  crystals  in 
motion,  and  changes  their  colour  from  a sulphur-yellow  to  a 
bright  red. 

VII.  HEAT— TEMPERATURE. 

§ 128.  We  have  already  traced  (§  20)  the  origin  of  homo- 
geneous repulsion,  the  antagonist  force  to  homogeneous  attrac- 
tion, or  cohesion,  to  that  cause,  whatever  it  may  be,  which 
produces  in  us  the  sensation  of  heat:  it  is  necessary  that  we 
should  now  inquire  with  more  precision  into  the  nature  of  this 
subtle  agent,  and  the  laws  which  regulate  its  action. 

And  first,  with  regard  to  the  active  sources  of  its  abundant 
supply:  the  principal  of  these  is  the  sun.  The  most  inattentive 
observer  cannot  have  failed  to  remark  that  the  direct  rays  of 
the  sun, — some  communication  that  is  from  that  splendid  but 
distant  globe,  which  we  designate  by  rays, — impress  him  with 
the  sensation  of  heat;  and  without  this  benign  influence  upon 
the  animate  and  inanimate  creation,  all  nature  would  be  bound 
in  the  adamantine  chains  of  cohesion;  and  coffid  we  imagine 
man  to  exist  for  a moment  upon  the  face  of  the  globe  under  its 
privation,  vain  would  be  all  his  puny  efforts  to  remedy  the 
defect  from  artificial  sources  of  this  life-preserving  agent.  The 
conflagration  of  every  combustible  upon  the  face  of  the  earth 
would  be  insufficient  to  compensate  for  twenty-four  hours  the 
absence  of  the  glorious  orb  of  day. 

§ 129.  The  second  source  to  which  we  may  advert,  we 
may  distinguish  as  mechanical,  and  consists  in  the  friction,  or 
rubbing  together  of  solid  substances.  In  this  operation  strong 
mechanical  force  is  opposed  to  the  forces  of  cohesion  or 
adhesion,  and  heat  is  generated  by  the  reaction  of  the  two. 
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From  some  late  experiments  of  M.  Becquerel,  it  appears  1 
that  when  a rough  body  is  rubbed  against  another  with  a 
smooth  surface^  the  former  becomes  hotter  than  the  latter. 
When  polished  glass  is  rubbed  against  cork  the  first  becomes 
the  hotter  in  the  proportion  of  34  to  5 : ground  glass  becomes 
hotter  than  cork  in  the  proportion  of  40  to  7-  Silver  and  cork 
— the  first  becomes  hotter  than  the  second^  in  the  proportion  of 
50  to  12.  No  change  in  the  state  of  qualities  of  bodies,  thus 
acting  upon  each  other,  necessarily  accompanies  the  evolution 
of  heat;  neither  is  it  necessary  that  they  should  be  of  different 
natures,  or  possessed  of  any  opposition  of  qualities.  Many 
familiar  instances  of  high  degrees  of  heat,  derived  from  this  , 
source,  will  readily  occur  to  a reflecting  mind.  I 

Two  pieces  of  wood,  rubbed  together,  speedily  become  hot; 
and  when  the  force  and  the  velocity  are  great  so  much  heat 
may  be  evolved  as  to  occasion  combustion.  The  axles  of  the 
wheels  of  machinery,  or  of  carriages,  not  unfrequently  take  fire 
from  this  cause;  and  it  is  well  Itnown  that  certain  tribes  of 
Indians,  with  a dexterity  and  address  which  we  do  not  possess, 
have  so  far  applied  observation  to  practical  purposes,  that  they 
are  in  the  habit  of  kindhng  their  fires  by  this  means.  i 

The  sparks  of  the  common  flint  and  steel  consist  of  small  | 
particles  of  the  metal  struck  off  by  the  stone,  and  burning  [ 
under  the  influence  of  the  heat  elicited  by  the  blow;  and  everj’-  j 
one  has  had  an  opportunity  of  observing  the  more  copious  | 
display  of  fire  from  the  same  source  at  the  knife-grinder’s 
wheel. 

In  North  America,  where  the  mechanical  force  of  falling 
water  is  abundant,  the  surplus  power  of  certain  mills  has  been 
most  ingeniously  turned  to  good  account,  by  causing  large 
plates’  of  iron  to  rub  against  each  other,  and  applying  the  heat 
thus  evolved  to  the  warming  of  the  building.  The  most  re- 
markable circumstance  attending  this  source  of  heat  is,  that  it  j 
is  absolutely  unlimited:  so  long  as  solid  bodies  can  be  made  < 

thus  to  act  mechanically  upon  each  other,  heat  is  given  out.  '• 

Count  Rumford  endeavoured  to  ascertain  how  much  heat  | 
was  actually  generated  by  friction.  When  a blunt  steel  borer, 
three  inches  and  a half  in  diameter,  was  driven  against  the 
bottom  of  a brass  cannon,  seven  inches  and  a half  in  diameter, 
with  a pressure  which  was  equal  to  the  Aveight  of  10,000lbs., 
and  made  to  revolve  thirty-two  times  in  a minute,  in  forty-one 
minutes  837  grains  of  dust  were  produced;  and  the  heat  gene-  ' 
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rated  was  sufficient  to  raise  1 13lbs.  of  the  metal  70°  of  Fah.^ — 
a quantity  of  heat  which  is  capable  of  melting  six  pounds  and  a 
half  of  ice,  or  of  raising  five  pounds  of  water  from  the  freezing 
to  the  boiling-point.  When  the  experiment  was  repeated 
under  water,  two  gallons  and  a half  water,  at  60°,  were  made  to 
boil  in  two  hours  and  a half. 

§ 130.  The  third  source  is  chemical,  or  the  action  of 
particles  of  dissimilar  or  heterogeous  substances  upon  each 
other,  accompanied  by  complete  change  of  properties.  All 
cases  of  common  combustion,  all  our  artificial  processes  for 
obtaining  light  and  heat,  are  famifiar  examples  of  this  action. 
The  changes  which  take  place  in  the  active  bodies  during  this 
evolution  of  heat,  it  will  be  a principal  part  of  our  business  to 
inquire  into  it  hereafter:  we  have  only  at  present  to  remark,  that 
the  heat  evolved  in  each  case,  however  copious  and  intense, 
is  hmited  and  proportionate  to  the  quantities  of  the  reacting 
substances. 

§ 131.  The  fourth  source  of  heat,  but  probably  nearly 
aUied  to  the  last,  is  electrical.  That  force  which  we  have 
recognised  as  arising  from  the  friction  of  glass  or  resins,  by 
operating  upon  larger  surfaces,  may  be  accumulated  in  the 
form  of  a spark,  which  will  ignite  combustible  substances. 
This  action  we  must  also  refer  to  future  investigation. 

§ 132.  A fifth  source  is  physiological,  and  exists  in 
ourselves.  Heat  is  a product  of  animal  life:  we  are  conscious 
of  this  in  ourselves — we  can  feel  it,  and  we  can  judge  of  it  by 
om-  sensations,  when  communicated  from  other  persons  and 
other  animals;  we  can  increase  it  in  ourselves  by  muscular 
exertion;  our  hands  and  our  faces  burn,  and  in  this  state  we 
can  communicate  the  sensation  of  heat  to  others. 

Heat  and  cold,  in  fact,  when  referred  to  our  sensations,  are 
but  comparative  terms,  and  depend  upon  the  temperature  of 
our  bodies  at  the  time  of  experience.  If  we  raise  the  tem- 
perature of  one  hand  by  plunging  it  in  hot  water,  and  at  the 
same  time  cool  the  other  in  cold  water,  upon  removing  both 
into  a basin  of  tepid  water,  the  same  water  will  feel  warm 
to  one  hand  and  cold  to  the  other.  Any  estimation,  there- 
fore, of  temperature  by  sensation  must  necessarily  be  extremely 
vague. 
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§ 133.  Now,  in  none  of  these  various  actions  of  mate- 
rial bodies,  which  we  have  thus  recognised  as  sources  of  heat,  is 
there  any  loss  of  material  substance.  Notwithstanding  the 
copious  evolution  of  this  wonderful  agent,  the  quantity  of  the 
active  matter — its  weight — remains  the  same,  whether  com- 
bination ensue  or  not. 

This  something,  then,  which  is  generated  in  ourselves,  or 
which  may  be  communicated  to  us  from  any  of  the  sources 
which  have  just  been  named, — which  we  recognise  by  our 
sensations,  and  denominate  heat,  may  be  communicated  also  to 
every  form  of  matter  without  increase  of  weight;  and  these  can 
again  impart  it  to  us  without  loss  of  ponderable  matter. 

Thus  a piece  of  iron  placed  in  the  direct  rays  of  the  sun, 
will  soon  feel  warm  to  our  hands;  or  when  made  red  hot  in 
the  fire,  vdll  communicate  heat  to  us  even  at  a distance;  but  its 
quantity  of  ponderable  matter  will  be  neither  increased  nor 
diminished. 

The  accession  of  heat,  and  consequent  increase  of  repulsive 
force  amongst  the  homogeneous  particles  of  matter,  not  only 
determines  the  changes  of  state  from  solid  to  Hquid,  and  from 
liquid  to  aeriform,  which  we  have  already  noticed  (§  63),  but 
produces  expansion  of  bulk  in  bodies  in  all  these  states;  and 
we  must  now  inquire  into  the  laws  of  this  expansion,  and  the 
steps  of  the  progress  of  a body  from  one  physical  state  to 
another. 


§ 134.  The  increase  of  bulk,  for  the  same  Increase  of 
heat,  differs  very  much  in  the  different  classes  of  substances. 
In  solids  it  is  small;  in  liquids  greater;  and  in  aeriform  bodies 
the  greatest  of  all.  It  also  differs  in  bodies  of  the  same  class. 
By  accurate  measurement  it  has  been  ascertained  that  in  raising 
the  temperature  of  the  following  solids  from  the  freezing  to  the 
boihng-point  of  water. 

Lead  expands  in  volume 
Iron  „ „ 

Glass  „ „ 

that  is  to  say,  350  cubic  inches  of  Lead  become 
800  „ Iron  „ 

1000  „ Glass  „ 

by  this  accession  of  heat. 

The  subjoined  table  includes  the  most  interesting  results  of 
the  best  experiments  upon  the  subject. 


■so  0^^ 
~1  0 0 0^^^ 
351 
801 
1001 
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Table  IX.  Linear  Dilatation  from  the  Freezing  to  the 
Boiling-point  of  Water. 


1000000  of  Glass  tube 

. become 

1000861 

55 

Crown  Glass 

• 95 

1000875 

59 

Platinum 

• >9 

1000856 

59 

Cast  Iron 

• 59 

1001111 

55 

Steel 

• 59 

1001189 

95 

Gold 

• 55 

1001460 

59 

Copper 

• 59 

1001712 

59 

Brass 

• 59 

1001783 

^5 

Silver 

• 99 

1001890 

59 

Tin 

• 59 

1001937 

55 

Lead 

• 59 

1002867 

The  expansion  in  volume  may  be  obtained,  without  sensible 
error,  by  trebling  the  number  which  expresses  its  increase  in 
length,  where,  as  in  the  above  instances,  the  fraction  of  its  length 
is  small. 


By  the  same  change  of  temperature  the  following 
augment  their  volumes  in  the  annexed  proportions: — 


1000  parts  of  water 

1000  „ of  oil 

1000  „ of  quicksilver  . 

1000  „ of  spirits  of  wine 


become 

59 

55 

55 


1046 

1080 

1018 

1110 


liquids 


But  every  aeriform  substance,  provided  it  be  not  in  contact 
with  a liquid,  expands  in  the  same  proportion;  1000  parts  of 
air  becoming  1373,  by  being  heated  from  the  freezing  to  the 
boiling-point  of  water. 

These  expansions  take  place  gradually,  and  when  the  heat  is 
withdrawn  the  bodies  return  to  their  original  bulks,  by  corre- 
sponding regular  contractions. 


§ 135.  Now  the  perfection  of  science  depends  upon 
accurate  measurement  and  instrumental  precision:  there  can  be 
no  advance  of  a single  step  without  these  essential  means.  The 
unassisted  senses  are  by  no  means  sufficient  to  determine 
quantities  with  anything  approaching  to  the  necessary  degree 
of  exactness.  The  hand,  or  the  application  of  muscular  force, 
may  indeed  inform  us  that  one  body  differs  very  greatly  from 
another  in  gravity,  but  without  the  balance  to  determine 
weights  which  would  be  wholly  inappreciable  in  this  way,  the 
science  of  chemistry  could  not  have  existed.  So,  our  sensations 
may  inform  us  that  one  body  is  hotter  or  colder  than  another; 
but  without  some  means  of  measuring  differences  of  temperature. 
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which  would  wholly  fail  to  affect  our  senses,  our  knowledge  of 
heat  would  have  been  small  indeed. 

It  is  by  observing  that  expansion  or  enlargement  of  volume 
is  always  produced  by  the  same  causes  which  affect  us  vdth  the 
sensation  of  heat,  that  we  come  to  regard  expansion  as  the 
indication  of  heat;  and  as  this  is  an  effect  which  can  be  ascer- 
tained with  the  utmost  precision,  we  adopt  its  measure  as  that 
of  the  cause  which  produces  it. 

If  a certain  quantity  of  air,  or  of  a liquid,  or  sohd,  undergo 
an  augmentation  of  volume  when  exposed  to  a certain  source 
of  heat,  which  we  can  determine,  and  when  we  expose  it  to 
another  source  of  heat  that  expansion  is  doubled,  there  is  reason 
to  infer  that  the  intensity  of  the  second  source  is  double  that  of 
the  first : and  this  is  the  principle  of  that  useful  instrument 
the  thermometer. 

§ 136.  The  honour  of  the  first  invention  is  generally 
ascribed  to  Sanctorio,  an  Italian  physician,  about  the  year  1590; 
but  the  same  contrivance  probably  suggested  itseff  in  an  inde- 
pendent manner  to  Cornelius  Drebel,  about  the  year  1610.  One 
thing,  however,  is  certain,  viz.,  that  it  dates  from  about  the 
beginning  of  the  seventeenth  century. 

The  thermometer  of  Sanctorio  consisted  of  a hollow  glass 
globe,  attached  to  a long  stem,  open  at  the  opposite  extremity; 
a portion  of  air  was  expelled  from  it  by  the  expansive  force  of 
heat,  and  the  end  of  the  tube  was  then  immersed  in  a coloured 
liquid  (36).  As  the  included  air  cooled,  and  returned  to  its 


(36)  Air  thermometer  of  Sanc- 
torio. B is  the  stem  of  the  instru- 
ment, the  upper  end  of  which  termi- 
nates in  a capacious  hall,  while  the 
lower  clips  heloAV  the  surface  of  the 
liquid  in  the  vessel  c.  MTien  a por- 
tion of  air  has  been  expelled  from  the 
ball  by  heat,  and  it  is  afterwards 
cooled,  the  superior  elasticity  of  the 
outward  air  raises  a column  of  liquid 
in  the  stem. 
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former  volmiie,  the  liquid  rose  in  the  tube,  from  the  superior 
elasticity  of  the  external  air  pressing  upon  the  external  surface 
of  the  liquid.  A scale  of  equal  parts  was  applied  to  the  stem, 
by  which  the  expansion  of  the  included  air  from  heat,  or  its 
contraction  from  cold,  could  be  measured,  by  the  movement  of 
the  column  of  liquid.  It  was  hable,  however,  to  the  objec- 
tion of  being  acted  upon,  not  only  by  the  expansion  of  the 
included  air,  but  by  the  barometric  changes  of  the  exterior 
atmosphere. 

§ 137*  Air  has  not  only  the  advantage  of  being  extremely 
regular  in  its  expansion,  but  also  of  indicating  very  minute 
changes  of  temperature,  by  the  great  alterations  of  volume 
which  it  undergoes  from  being  heated  and  cooled;  and  a modi- 
fication of  the  air  thermometer  is  now  very  often  used  in  delicate 
researches.  It  was  invented  in  the  year  1676,  but  was  chiefly 
brought  mto  notice  by  the  admirable  experiments  of  the  late 
Sir  John  Leshe.  It  consists  of  two  thin  equal  glass  balls, 
united  together  by  a tube  bent  twice  at  right  angles,  the  balls 
being  situated  at  the  top  of  the  perpendicular  arms,  and  cut  off 
from  any  communication  with  the  atmosphere.  Both  balls 
contain  air,  but  the  greater  part  of  the  tube  is  fiUed  with  a 
eoloured  liquid  (37).  This  instrument  eannot  be  affected  by 
any  ehange  of  temperature,  acting  alike  upon  both  the  balls,  for 
the  pressure  on  the  opposite  surfaces  of  the  included  hquid  will 
in  such  cases  be  always  equal;  but  it  will  instantly  indicate  the 
shghtest  difference  of  temperature  between  the  two  balls;  for 
the  elasticity  of  the  air  on  one  side  being  greater  than  on  the 


(37)  Differential  thermo- 
meter of  Leslie.  The  liquid  in  the 
two  stems  is  shown  at  the  same 
level  as  when  both  balls  are  ex- 
posed to  the  same  temperature : 
any  difference  can  he  accurately 
measured  upon  the  attached  scale. 
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other^  the  liquid  will  be  forced  towards  the  side  where  the 
temperature  is  the  lowest,  and  the  difference  may  be  measured 
upon  a scale.  The  instrument  has  hence  been  named  the 
differential  thermometer. 

§ 138.  The  first  great  improvement  in  the  thermometer 
for  ordinary  purposes  was  made  by  the  members  of  the  Italian 
Academy  del  Cimento,  in  1660,  who  substituted  the  expansions 
of  a liquid  as  the  measure  of  heat;  inclosing  it  in  a glass  ball 
and  tube,  which  was  afterwards  cut  off  from  all  communication 
with  the  variable  atmosphere,  by  softening  the  extremity  of  the 
glass  at  the  flame  of  a lamp,  and  hermetically  seahng  it:  the 
instrument  thus  at  once  became  more  accurate,  and  more 
manageable.  Spirits  of  wine  was  the  liquid  first  employed, 
and  quicksilver  was  afterwards  used  by  Halley  and  Sir  Isaac 
Newton:  both  liquids  are  now  at  times  employed  for  different 
purposes. 

§ 139.  StiU  the  thermometer  wanted  much  of  perfection; 
for  different  instruments  thus  constructed  could  not  afford  com- 
parable results,  although  experiments  made  with  the  same 
instrument  were  comparable  with  one  another.  For  the  last 
great  improvement  we  are  indebted  to  Newton.  It  had  been 
observed  by  another  eminent  philosopher.  Hook,  that  the  tem- 
perature of  melting  ice  was  always  fixed  and  permanent;  and 
that  the  temperature  of  boiling  water  was  equally  invariable, 
provided  the  pressure  of  the  atmosphere  did  not  change.  The 
sagacity  of  Newton  pointed  out  the  application  of  these  obser- 
vations to  the  completion  of  the  instrument.  If  we  immerse 
the  mercurial  thermometer  in  melting  snow  or  ice,  the  liquid 
wiU  gradually  contract,  and  sink  in  the  stem  to  a certain  point, 
and  then  stop;  and  however  long  we  may  allow  it  to  remain  in 
the  ice  it  will  sink  no  lower.  The  experiment  repeated  at  any 
time,  or  in  any  place,  vdll  afford  the  same  results;  the  liquid 
will  always  sink  to  the  same  part,  and  no  further.  By  marking 
this  we  obtain  one  fixed  point,  which  must  be  the  same  in  every 
thermometer  which  is  subjected  to  the  trial.  If  we  now  remove 
the  instrument  into  a vessel  where  it  may  be  surrounded  with 
boiling  water  while  the  barometer  indicates  an  unvarying 
pressure  of  thirty  inches,  the  liquid  in  the  glass  will  expand  till 
the  mercurial  column  reaches  a certain  height,  where  it  will 
again  become  perfectly  stationary,  and  afford  another  invariable 
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point  of  comparison.  The  distance  between  these  two  points 
measures  the  amount  of  expansion  of  the  whole  quantity  of  the 
included  liquid:  or  rather  is  the  measure  of  the  difference  of 
the  expansion  of  the  liquid  and  the  glass;  for  both  expand. 
Upon  the  supposition  that  the  expansion  of  the  two  is  equable, 
and  that  the  bore  of  the  glass  tube,  in  which  the  liquid  moves, 
is  equal  throughout,  the  distance  between  the  two  points  may 
be  divided  into  any  number  of  equal  parts,  and  the  equal 
amounts  of  expansion  or  contraction  measured  by  them  may  be 
taken  to  indicate  equal  increments  or  decrements  of  tempera- 
ture, which  will  correspond  in  all  instruments  similarly  graduated. 
Upon  the  supposition,  moreover,  that  the  law  of  expansion 
• continues  the  same  both  above  the  boiling  and  below  the  freez- 
ing-point of  water,  an  extension  of  the  same  scale  of  equal  parts 
will  afford  the  means  of  measuring  greater  and  less  degrees  of 
temperature,  with  reference  to  the  same  fixed  standard. 

§ 140.  It  is  much  to  be  lamented  that  the  philosophers  of 
different  nations  have  not  agreed  upon  the  arbitrary  division  of 
this  invariable  quantity;  and  that,  consequently,  we  have  various 
thermometric  scales  which  perpetually  require  to  be  reduced 
from  one  to  the  other  in  the  different  necessary  comparisons. 
In  this  country  it  is  divided  into  180  parts  or  degrees;  but  the 
freezing-point  is  not  designated  by  Zero,  or  0°,  but  by  the 
number  32°,  making  the  boiling-point  of  water  212°,  instead  of 
180°.  This  scale  was  introduced  by  Fahrenheit,  a German 
artist,  who  conceived  that  he  had  obtained  the  lowest  possible 
degree  of  cold,  by  the  mutual  action  of  common  salt  and  snow. 
If  a thermometer  be  introduced  into  such  a mixture  it  will 
contract  below  the  freezing-point  to  about  32y-|-pth  parts  of  the 
expansion  between  freezing  and  boiling  water,  and  thus  the 
commencement  of  this  scale,  or  0,  was  placed  at  this  point. 

In  France  the  thermometer  named  Reaumur’s  was  for  a long 
time  generally  employed:  the  interval  between  freezing  and 
boiling  water  in  this  instrument  is  divided  into  eighty  degrees. 
The  graduation  commences  at  the  freezing-point,  and  the 
boiling-point  is  the  eightieth  degree.  It  is  still  in  general  use 
in  Russia. 

The  scale  now  generally  adopted  in  France,  was  originally 
proposed  by  Celsius,  and  used  in  Sweden.  It  commences  also 
at  the  freezing-point  of  water,  between  which  and  the  boiling- 
point  the  space  is  divided  into  100  parts:  hence,  it  is  now 
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commonly  distinguished  by  the  name  of  the  centigrade  ther- 
mometer (38). 

Other  divisions  of  the  thermometric  scale  have  at  times  been 
introduced,  but  have  fallen  into  disuse. 

Fahrenheit’s  division  is  founded  on  error,  and  is  very 
arbitrary  and  inartificial:  it  has,  however,  two  important  advan- 
tages:— 1st,  The  degrees  are  small,  and  hence 
it  is  less  requisite  than  with  other  scales  to  use 
fractional  parts,  which,  in  observation,  are  apt 
to  be  neglected,  and  in  calc\dation  are  incon- 
venient. 2d,  The  commencement  of  the  scale 
being  placed  at  a low  temperature,  we  have 
seldom  to  express  negative  degrees;  while,  in 
the  centigrade  and  Reaumur’s,  it  is  always 
necessary  either  to  prefix  the  signs  of  minus 
or  plus,  ( — or  -f ,)  or  by  terms  to  denote 
whether  the  number  stated  is  above  or  below 
Zero. 

It  would  not  be  difficult  in  the  present 
advanced  state  of  science  to  invent  a division 
of  the  thermometric  scale  which  might  at  once 
be  more  philosophical  and  more  convenient 
than  any  of  those  now  in  use;  but  nothing 
but  the  general  consent  of  the  leading  scientific 
men  in  the  principal  countries  where  science 
is  cultivated,  would  justify  the  attempt;  which, 
without  such  an  agreement,  would  only  add  to 

(38)  These  three  divisions  of  the  thermometer 
are  laid  down  and  compared  in  the  annexed  scale, 
together  with  another,  by  De  Lisle,  now  in  disuse, 
in  which  the  space  between  the  freezing  and  boil- 
ing-points is  divided  into  150°,  the  Zero  being 
placed  at  the  latter. 

Knowing  the  ratio  of  these  scales  to  each 
other,  nothing,  of  course,  can  be  easier  than  to 
change  the  expression  of  their  degrees  from  one  to 
the  other.  Let  it  be  required  to  know  what  70° 
cent,  is  upon  Fahrenheit’s  scale : 

100  : 180  : : 70  : 126  and  126 -f  32°  (or  the 
number  of  degrees  from  Fahrenheit’s  0)=  158. 

Or  what  is  74°  Reaumur  upon  the  centigrade 
scale: 
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the  perplexity  and  distaste  which  every  one  at  times  must  feel 
from  this  multiplication  of  scales. 

§ 141.  It  would  be  foreign  to  the  object  of  this  work  to 
enter  upon  all  the  necessary  refinements  in  the  construction  of 
a good  thermometer;  but  every  one  should  know  how  to  tes 
the  goodness  of  instruments  which  everywhere  abound.  The 
principal  point  to  be  attended  to  is  the  equality  of  the  bore  of 
the  tube;  for  if  equal  lengths  have  not  equal  capacities,  of  course 
a scale  of  equal  parts  will  not  divide  the  expansion  equally. 
This  may  be  ascertained  by  breaking  off  a portion  of  the  thread 
of  mercury  in  the  tube,  which  may  generally  be  done  by  a 
dexterous  jerk,  and  moving  it  up  and  down  the  tube,  ascertain- 
ing whether  it  occupy  equal  spaces  in  every  part.  This  is  very 
seldom,  indeed,  the  case ; but  a correction  may  easily  be 
applied  to  the  scale  by  marking  off  upon  it  spaces  of  equal 
capacity.  The  examination  of  the  fixed  points  is  not  difficult; 
but  when  the  range  of  the  scale  will  not  admit  of  this,  an 
accurate  comparison  should  be  instituted  with  a standard 
instrument. 

§ 142.  When  great  degrees  of  cold  are  to  be  measured, 
spirits  of  wfine  is  the  liquid  selected  for  the  construction  of  the 
instrument,  as  it  has  never  yet  been  congealed  by  the  greatest 
degree  of  cold  to  which  it  has  been  possible  to  expose  it; 
whereas  mercury  has  been  known  to  become  solid  even  in  the 
natural  temperatures  of  the  arctic  regions.  Spirit,  however, 
passes  into  vapour  at  a temperature  far  below  the  boiling-point 
of  water;  and  it  is  usual,  therefore,  to  graduate  thermometers 
made  with  it,  by  comparison.  Mercury  is  well  adapted  to  most 
comnlon  purposes,  as  its  congealing-point  is  sufficiently  low, 
and  the  upper  part  of  its  scale  may  be  extended  to  nearly  600, 
in  consequence  of  its  high  boiling-point. 

The  openness  of  the  scale  of  a thermometer  depends  upon 
the  relative  capacities  of  the  bffib  and  stem;  the  greater  the 
former  compared  with  the  latter,  the  more  the  expanded  liquid 
will  be  extended,  and  the  larger  will  be  the  degrees,  and  the  more 
easy  the  observation  of  fractions  of  a degree.  But  the  delicacy 
of  the  instrument,  or  the  quickness  with  which  it  adjusts  itself 
to  changes  of  temperature,  will  depend  upon  the  smallness  of 
the  quantity  of  the  hquid,  or  of  the  matter  upon  which  the 
change  is  to  be  effected. 
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§ 143.  Dr.  Brook  Taylor  was  the  first  to  confirm  by 
experiment  the  hypothesis  that  equal  thermometric  degre.es,  or 
equal  amounts  of  expansion,  might  be  taken  to  represent  equal 
increments  of  temperature.  He  took  a pound  of  water,  and 
heated  it  to  the  temperature,  as  indicated  by  a delicate  thermo- 
meter, of  200°:  he  then  took  another  pound,  heated  to  100°, 
and  mixing  the  two  together  mth  proper  precautions,  he  found 
that  the  thermometer  plunged  into  the  mixture  indicated  a 
temperature  of  150°,  or  the  exact  mean;  as  it  should  have  been 
according  to  the  hypothesis. 

§ 144.  The  expansion  of  solids  is  equally  applicable  with 
that  of  aeriform  and  liquid  bodies  to  the  measurement  of  tem- 
perature; but  as  it  is  smaller  than  that  of  matter  in  its  other 
two  states,  and  can  only  conveniently  be  measured  linearly,  and 
not  in  volume,  it  is  by  nice  mechanical  adjustments  alone  that 
it  can  be  rendered  available  to  the  pui’pose.  If  a compound  bar 
be  formed  by  accurately  adjusting  and  screwing  together  equal 
plates  of  two  metals,  whose  expansions  differ  considerably, — 
such  as  iron  and  brass, — and  one  of  its  ends  be  fixed  to  some 
support,  upon  the  application  of  heat  it  vdU  bend,  the  least 
expansible  metal  becoming  concave:  if,  on  the  contrary,  the 
temperature  be  lowered  below  that  at  which  the  adjustment  is 
made,  the  greater  contraction  of  the  brass  will  cause  the  iron  to 
become  convex.  Upon  this  principle  a very  sensible  thermo- 
meter has  been  constructed  by  M.  Breguet.  It  consists  of  a 
very  thin  ribbon  of  platinum,  plated  with  silver,  and  coiled  into 
the  form  of  a helix:  one  end  of  this  compound  plate  is  fixed 
to  an  upright  support,  and  to  the  other  a delicate  index  is 
attached,  moving  over  a graduated  circle.  As  the  temperature 
to  which  this  instrument  is  exposed  varies,  the  spiral  twists  or 
untwists,  and  carries  the  index  round  the  circle,  the  degrees  of 
which  measure  equal  amounts  of  the  contraction  or  expansion. 
The  value  of  the  degrees  may  be  fixed  by  comparison  with  a 
standard  thermometer  of  the  usual  construction. 

§ 145.  The  use  of  the  mercurial  thermometer  is  limited 
to  temperatures  below  that  at  which  quicksilver  boils,  or  to 
about  600°;  and  a method  of  measuring  the  high  temperatures 
of  ignition  at  which  many  of  the  processes  of  the  arts  are  carried 
on,  having  been  long  a desideratum  of  science,  various  methods 
have  been  proposed  to  supply  the  deficiency.  The  most  cele- 
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brated  pyrometer  is  that  of  Mr.  Wedgwood.  It  consists  of  a 
metallic  groove,  or  gauge,  the  sides  of  which  gradually  converge; 
pieces  of  A’ery  pure  clay  are  made  into  small  cylinders,  ha\dng 
one  side  flattened;  and,  being  heated  to  redness,  they  are  made 
just  to  fit  the  larger  extremity  of  the  groove.  It  is  a property  of 
clay,  permanently  to  contract  and  become  harder  by  exposure 
to  a high  temperature:  not  that  this  contraction  is  an  exception 
to  the  general  law  of  expansion  by  heat,  but  is  owing  to  a 
change  in  the  chemical  constitution  of  the  earth,  which  loses  a 
portion  of  the  water  with  which  it  is  combined,  and  it  was  sup- 
posed that  the  amount  was  exactly  proportioned  to  the  intensity 
of  the  heat  to  which  it  is  exposed.  The  amount  of  contraction 
in  the  clay  cylinders,  after  being  exposed  to  the  temperature 
which  it  was  desired  to  measure,  was  easily  determined  by 
allowing  them  to  slide  from  the  top  of  the  groove  downwards,  till 
they  arrived  at  a point  beyond  which  they  would  not  pass. 
Mr.  Wedgvi'ood  divided  the  whole  length  of  this  gauge  into  240 
parts  or  degrees,  each  of  which  he  calculated  to  be  equal  to  130° 
of  Fahrenheit’s  scale;  and  the  Zero  of  his  scale,  indicating  a red 
heat,  corresponded,  according  to  his  experiments,  to  1077°* 

The  difficulty  of  obtaining  clay  of  uniform  composition  is  of 
itself  an  almost  insuperable  objection  to  this  method  of  esti- 
mating high  temperatures;  and  it  has  been  since  ascertained 
that  the  obsers'ation  upon  which  it  is  founded  is  not  correct; 
for  clay  wiU  contract  as  much  by  the  long  continuance  of  a 
comparatively  low  heat  as  by  a short  continuance  of  a high  one. 
Hence  the  degrees  of  heat  which  Wedg^vood’s  pyrometer  has 
been  apphed  to  measure,  have  been  enormously  exaggerated. 

§ 146.  The  problem,  however,  may  be  easily  solved  by 
the  accurate  measurement  of  the  linear  expansion  of  bars  of 
metal  in  a pyrometer  which  was  invented  by  the  author,  and 
called  by  him  the  Register  Pyrometei'. 

It  consists  of  two  parts,  which  may  be  distinguished  as  the 
register  and  the  scale.  The  register  is  a solid  bar  of  black-lead 
earthenware,  highly  baked.  In  this  a hole  is  drilled,  into  which 
a bar  of  any  metal,  six  inches  long,  may  be  dropped,  and  which 
will  then  rest  upon  its  solid  end.  A cylindrical  piece  of  porce- 
lain, called  the  index,  is  then  placed  upon  the  top  of  the  l)ar, 
and  confined  in  its  place  by  a ring  or  strap  of  platinum  passing 
round  the  top  of  the  register,  which  is  partly  cut  away  at  the 
top,  and  tightened  Ijy  a wedge  of  porcelain.  When  sucli  an 
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arrangement  is  exposed  to  a high  temperature,  is  is  oljvious  that 
the  expansion  of  the  metallic  bar  will  force  the  index  forward  to 
the  amount  of  the  excess  of  its  expansion  over  that  of  the  black- 
lead,  and  that,  when  again  cooled,  it  will  be  left  at  the  point  of 
greatest  elongation.  What  is  now  required,  is  the  measurement 
of  the  distance  which  the  index  has  been  thrust  forward  from  its 
first  position;  and  this,  though  in  any  case  but  small,  may  be 
effected  with  great  precision  by  means  of  the  scale. 

This  is  independent  of  the  register,  and  consists  of  two 
rules  of  brass,  accm’ately  joined  together  at  a right  angle  by 
their  edges,  and  fitting  square  upon  two  sides  of  the  black-lead 
bar.  At  one  end  of  this  double  rule  a small  plate  of  brass  pro- 
jects at  a right  angle,  which  may  be  brought  down  upon  the 
shoulder  of  the  register,  formed  by  the  notch  cut  away  for  the 
reception  of  the  index.  A moveable  arm  is  attached  upon  this 
frame,  turning  at  its  fixed  extremity  upon  a centre,  and  at  its 
other,  carrjfing  an  arc  of  a circle,  whose  radius  is  exactly  five 
inches,  accurately  divided  into  degrees  and  thirds  of  a degi’ee. 
Upon  this  arm,  at  the  centre  of  the  circle,  another  lighter  arm 
is  made  to  turn,  one  end  of  which  carries  a nonius  with  it, 
which  moves  upon  the  face  of  the  arc,  and  subdivides  the  former 
graduation  into  minutes  of  a degree;  the  other  end  crosses  the 
centre,  and  terminates  in  an  obtuse  steel  point,  turned  inwards 
at  a right  angle. 

When  an  observation  is  to  be  made,  a bar  of  platinum,  or 
malleable  iron,  is  placed  in  the  cavity  of  the  register,  the  index 
is  to  be  pressed  down  upon  it,  and  firmly  fixed  in  its  place  by 
the  platinum  strap  and  porcelain  wedge.  The  scale  is  then  to 
be  applied  by  carefully  adjusting  the  brass  rule  to  the  sides  of 
the  register,  and  fixing  it  by  pressing  the  cross  piece  upon  the 
shoulder,  and  placing  the  moveable  arm,  so  that  the  steel  point 
of  the  radius  may  drop  into  a small  cavity  made  for  its  recep- 
tion, and  coinciding  with  the  axis  of  the  metaUic  bar.  The 
minute  of  the  degree  must  then  be  noted,  which  the  nonius 
indicates  upon  the  arc.  A similar  observation  must  be  made 
after  the  register  has  been  exposed  to  the  increased  tempe- 
rature which  it  is  designed  to  measure,  and  again  cooled,  and  it 
will  be  found  that  the  nonius  has  been  moved  forward  a certain 
number  of  degrees  or  minutes  (39).  The  scale  of  this  pyro- 

(39)  1.  Represents  the  register;  A is  the  bar  of  black-lead; 
a a'  the  cavity  for  the  reception  of  the  metal  bar;  c c'  is  the  index, 
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meter  is  readily  connected  with  that  of  the  thermometer  Ijy 
immersing  the  register  in  boiling  mercury,  whose  temperature  is 
as  constant  as  that  of  boiling  water,  and  has  been  accurately 
determined  by  the  thermometer.  The  amount  of  exj^ansion  for 
a knoum  number  of  degrees  is  thus  determined,  and  the  value  of 
all  other  expansions  may  be  considered  as  proportional. 

§ 147.  The  melting  point  of  cast  iron  has  been  thus 

or  cylindrical  piece  of  porcelain;  d the  platinum  band,  with  its 
wedge,  e. 


2.  Is  the  scale  by  which  the  expansion  is  measured;  ff  is  the 
greater  rule  upon  which  the  smaller,  g,  is  fixed  square.  The  project- 


ing arm,  h,  is  also  fitted  square  to  the  ledge,  under  the  platinum  band, 
d.  D is  the  arm  which  carries  the  graduated  arc  of  the  circle  fixed  to 
the  rule,y/',  and  moveable  upon  the  centre,  i.  c is  the  lighter  bar, 
fixed  to  the  first,  and  moving  upon  the  centre,  k.  n is  the  nonius  at 
one  of  its  extremities,  and  m the  steel  point  at  the  other.  The  rule  g 
admits  of  adjustment  upon /y',  so  that  the  arm  h may  be  adjusted  to 
the  centre,  z,  in  order  that  at  the  commencement  of  an  experiment  the 
nonius  may  rest  at  the  beginning  of  the  scale. 
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ascertained  to  be  2/86°,  and  the  highest  temperature  of  a good 
wind  furnace  about  .8300°;  points  which  were  estimated  by 
Mr.  Wedgwood  at  20577°  and  32277°  respectively. 

Mr.  Wedgwood,  indeed,  himself  makes  an  observation  which 
is  calculated  to  throw  suspicion  upon  the  accuracy  of  his  results, 
for  he  says,  We  see  at  once  how  small  a portion  (of  the  range 
of  heat)  is  concerned  in  animal  and  vegetable  life,  and  in  the 
ordinary  operations  of  nature.  From  freezing  to  vital  heat  is 
barely  part  of  the  scale:  a quantity  so  inconsiderable 

relative  to  the  whole,  that  in  the  higher  stages  of  ignition  ten 
times  as  much  might  be  added  or  taken  away,  \vithout  the  least 
difference  being  discoverable  in  any  of  the  appearances  from 
which  the  intensity  of  fire  has  hitherto  been  judged  of.” 

Now  this  is  utterly  unlike  the  gradual  progression  by  which 
the  operations  of  nature  are  generally  carried  on:  and  the  fact 
is,  that  a regular  transition  may  be  traced  from  one  remarkable 
point  of  temperature  to  another. 

Thus,  from  the  freezing  of  water,  32°,  to  vital  heat  in  man, 
is  60°. 


3 

7 

10 


60  X 
60  X 
60  X 
60  X 15 
60  X 31 
60  X 45 
60  X 55 


180°  . . . 

. Boiling  water. 

420  ... 

. Melting  tin. 

600  ..  . 

. Boiling  mercury. 

900  ..  . 

. Red  heat. 

1860  . . . 

. Melting  silver. 

2700  . . . 

. Melting  cast  iron. 

3300  . . . 

. Highest  heat  of  wind  furnace. 

§ 148.  Being  now  in  possession  of  accurate  measures  for 
the  intensity  of  heat,  we  are  prepared  to  proceed  with  our 
investigation  of  its  effects  u]Don  solids,  liquids,  and  aeriform 
bodies,  we  may  drop  the  vague  language  of  sensation, — of  hot, 
and  cold,  and  warm,  and  such  like  expressions, — and  substitute 
the  precise  determinations  of  thermometric  degrees. 

It  has  been  lately  proved  by  the  careful  experiments  of 
MM.  Dulong  and  Petit,  that  beyond  212°,  or  the  boiling-point 
of  water,  the  expansion  of  solids,  for  equal  degrees  of  heat, 
compared  with  that  of  air,  increases  as  the  heat  rises ; any 
differences  in  this  respect  between  32°  and  212°  being  so  small 
as  to  escape  observation.  The  principal  results  of  their  investi- 
gation are  shown  in  the  following  tables: — 
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Table  X.  Increasing  Dilatation  of  Glass  by  Heat* 


Temperature  by  an  Air 
Thermometer. 

Mean  absolute 
Dilatation  of  Glass 
for  each  Degree. 

Temperature  by  a 
Thermometer  made 
of  Glass. 

Fahrenheit. 

From  32°  to  212° 

1' 

■BTSWXr 

212 

32°  to  392° 

6 S 0 

415.8 

32°  to  572° 

^ 

S 0 2 2 0 

667.2 

Table  XI.  Increasing  Dilatation  of  Metals  by  Heat. 


Tempera- 
ture by 
Air  Ther- 
mometer. 

Mean  Dilata* 
tion  of  Iron, 
for  each  De- 
gree. 

Tempera- 
ture by  Iron- 
Rod  Ther- 
mometer. 

Mean  Dilata- 
tion of  Cop- 
per, for  each 
Degree. 

Tempera- 
ture by  Cop- 
per Ther- 
mometer. 

Mean  Dilata- 
tion of  Plati- 
num for  each 
Degree. 

Tempera- 
ture by  Pla- 
tinum Ther- 
mometer. 

212° 

212° 

, . 1 

212° 

212° 

6 0 7 0 0 

TfTi2ir 

0 7 8 0 0 

572° 

T 

702°.5 

1 

623°.8 

592°.9 

4 0 0 7 8 

Trtw 

8 6 34(T 

It  appears  that  at  temperatures  beyond  212°,  glass  expands 
in  a greater  ratio  than  mercury;  and  as  the  mercurial  ther- 
mometer measures  the  difference  of  the  expansion  of  the  glass 
and  metal,  upon  the  supposition  that  they  are  both  uniform,  its 
degrees  require  a correction  in  the  upper  part  of  the  scale, 
when  compared  with  the  equal  dilatations  of  air.  Thus  the 
temperature  of  586°  on  the  mercurial  thermometer,  corresponds 
with  572°  on  the  air  thermometer:  while  from  the  third  column 
of  Table  X.  it  appears  that  the  expansion  of  glass  alone, 
supposed  to  be  equable,  would  indicate  667°  for  the  same  point. 
The  second,  fourth,  and  sixth  columns  of  Table  XI.  show  the 
mean  expansion,  for  each  degree,  of  iron,  copper,  and  platinum, 
Avhen  heated  from  32°  to  212°,  compared  with  that  from  32°  to 
572°;  the  third,  fifth,  and  seventh  columns  indicate  the  degrees 
on  thermometric  bars  of  these  metals,  corresponding  to  the 
temperature  of  572°  on  an  air  thermometer. 

§ 149.  Before  the  invention  of  the  register  pyrometer, 
the  expansion  of  solids  had  never  been  ascertained  beyond 
the  temperature  of  572°;  the  following  table  exhibits  the  pro- 
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gressive  amount  of  several  metals  to  their  points  of  fusion  as 
determined  by  that  instrument: — 


Table  XII.  Progressive  Dilatation  of  Solids. 
1000000  PARTS,  AT  62°. 


At  212°. 

At  662°. 

At  Fusing  Point. 

Black  Lead  Ware  . 

1000244 

1000703 

Wedgwood  Ware  . 

1000735 

1002995 

Platinum  . . . 

1000735 

1002995 

j 1009926  maximum, 
■jbut  not  fused. 

Iron  (Wrought) 

1000984 

1004483 

( 1018378  to  the  fusing 
1 points  of  cast  iron. 

Iron  (Cast)  . . 

1000893 

1003943 

1016389 

Gold  .... 

1001025 

1004238 

Copper  .... 

1001430 

1006.347 

1024376 

Silver 

1001626 

1006886 

1020640 

Zinc 

1002480 

1008527 

1012621 

Lead 

1002323 

1009072 

Tin  ..... 

1001472 

1003798 

§ 150.  The  amount  of  the  force  which  produces  these 
expansions  and  contractions  measured  by  any  opposing  force, 
that  of  cohesion  for  instance,  is  enormous.  Some  idea  may  be 
formed  of  it,  when  it  is  understood  that  it  is  equal  to  the 
mechanical  force  which  would  be  necessary  to  produce  similar 
effects  in  stretching  or  compressing  the  solids  in  which  they 
take  place;  thus  a bar  of  iron  heated  so  as  to  increase  its  length 
a quarter  of  an  inch,  by  this  slow  and  quiet  process  exerts  a 
power  against  any  obstacle  by  which  it  may  be  attempted  to 
confine  it,  equal  to  that  which  would  be  required  to  reduce  its 
length  by  compression  to  an  equal  amount.  On  withdrawing 
the  heat,  it  would  exert  an  equal  power  in  returning  to  its 
former  dimensions. 

Such  a force  as  this  is  cfipable  of  being  applied  to  a variety 
of  useful  purposes  when  properly  directed,  and  of  producing 
very  injurious  effects  in  constructions  of  art,  when  not  j^rojierly 
provided  against. 

The  wheelwright  applies  this  power  by  making  the  iron 
band,  or  tire  as  it  is  called,  of  a carriage-Avheel  a little  smaller 
than  the  wooden  circle,  or  fellies,  and  then  expanding  it  by 
heat,  he  fits  it  on  to  the  latter:  he  afterwards  suddenly  cools 
it  by  throwing  water  upon  it,  and  the  contraction  binds  the 
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whole  together  with  enormous  force.  Upon  the  same  principle 
the  cooper  heats  the  iron  hoops  of  his  casks,  and  firmly  draws 
the  staves  together  by  cooling  them  in  their  places.  The 
plates  of  the  boilers  of  steam-engines  and  of  iron  ships  are 
rivetted  together  with  hot  rivets,  which,  when  cool,  draw  them 
together  and  render  their  junction  perfectly  compact. 

M.  Molard,  by  an  application  of  the  same  force,  ingeniously 
restored  the  equilibrium  of  a building  in  Paris,  the  walls  of 
which  had  been  pressed  outwards  by  the  incumbent  weight. 
He  introduced  several  strong  iron  bars  through  holes  in  the 
opposite  walls,  and  screwed  strong  plates,  or  washers  as  they 
are  called,  on  the  projecting  ends,  so  as  to  bear  tightly  upon 
the  walls.  The  bars  were  then  heated  by  lamps,  and  conse- 
quently lengthened;  in  this  state  the  washers  were  again 
screwed  up,  and  when  the  bars  were  allowed  to  cool,  they 
contracted  and  drew  the  walls  together  to  a small  amount:  a 
repetition  of  the  same  process  gradually  and  safely  effected  the 
purpose. 

The  same  process  has  been  since  applied  in  the  restoration 
of  the  Cathedral  at  Armagh. 

§151.  Experience  has  taught  engineers  that  it  is  dangerous 
to  attempt  to  confine  such  a force  as  this,  and  that  it  is  neces- 
sary to  make  provision  for  these  expansions  and  contractions, 
particularly  in  the  metallic  constructions  which  are  now  so 
common.  In  iron  pipes  for  the  conveyance  of  gas  and  water, 
when  the  lengths  are  very  considerable,  some  of  the  junctions 
are  rendered  moveable;  so  that  by  the  end  of  one  pipe  sliding 
into  that  of  another,  the  accidental  changes  due  to  temperature 
are  provided  for. 

The  arches  of  the  Southwark  iron  bridge  rise  and  faU  about 
an  inch  in  the  usual  range  of  atmospheric  temperature,  and  if 
provision  had  not  been  made  for  this,  destructive  consequences 
must  have  ensued. 

The  steeple  of  Bow  Church  has  within  these  few  years  been 
nearly  thrown  dovm  by  tbe  alternate  expansion  and  contraction 
of  some  rods  of  iron  which  were  built  into  it  to  give  it  stability. 
The  rods  in  hot  weather  lengthened,  and  lifted  the  incumbent 
mass  of  masonry;  they  returned  in  cold  weather  to  their  former 
dimensions,  leaving  the  stones  upraised;  dust  and  small  particles 
of  matter  made  their  way  into  the  cracks  thus  produced;  the 
rods  again  lengthened,  and  lifted  the  mass  a little  higher;  till, 
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by  numberless  repetitions  of  this  slow  but  irresistible  operation, 
the  fabric  was  shaken  to  its  foundation. 

Even  in  the  shoeing  of  a horse,  injurious  consequences  mil 
follow  from  neglect  or  ignorance  of  this  principle.  If  a horse- 
shoe be  applied  in  a heated  state,  the  hoof  will  certainly  be 
injured  by  its  subsequent  contraction. 

§ 152.  A singular  circumstance  accompanying  the  con- 
traction of  metal  during  great  degrees  of  cold,  was  observed  in 
some  of  the  expeditions  to  the  arctic  regions,  viz.,  that  the 
astronomical  instruments  did  not  always,  at  once,  take  the 
adjustment  due  to  the  temperature  to  which  they  were  exposed; 
but  upon  concussion  they  contracted  suddenly  to  the  regular 
amount. 

§ 153.  We  have  already  noticed  the  greater  expansion  of 
liquids  than  of  solids  for  equal  increments  of  temperature,  and 
the  various  amounts  in  different  species.  These  expansions  are 
generally  regular,  except  when  they  are  near  their  boiling  or 
their  freezing-points.  Near  the  higher  point,  their  expansibility 
increases  rapidly  for  equal  increments,  while  considerable  ano- 
malies have  been  observed  near  the  lower. 

It  has  been  stated  (§  19.)  that  the  law  of  expansion  by  heat, 
and  contraction  by  cold,  is  all  but  universal;  there  is  but  one 
real  exception  to  it  known,  and  this  occurs  in  water.  It  has 
been  established  by  the  most  careful  and  decisive  experiments, 
that  water  not  only  expands  as  we  have  noticed  (§  78.)  when  in 
the  act  of  passing  from  the  liquid  to  the  solid  state;  in  the 
moment,  that  is,  when  its  particles  are  taking  up  a new  and 
regular  arrangement  under  the  prevailing  force  of  cohesion;  but 
increases  its  volume  in  the  act  of  cooling,  some  time  before  it 
reaches  its  freezing-point.  This  expansion  commences  when 
the  temperature  is  reduced  to  about  40°  of  Fahrenheit,  or  eight 
degrees  above  the  point  of  congelation,  and  it  increases  in  an 
increasing  ratio  until  the  liquid  solidifies. 

The  observation  is  easily  made  by  means  of  two  equal 
thermometers,  the  one  filled  with  water  and  the  other  Avith 
spirit.  When  placed  in  melting  ice,  the  latter  Avill  gradually 
fall  to  the  freezing-point,  while  the  former  Avill  descend  to  about 
40°,  and  then  begin  to  rise. 

§ 154.  From  the  alteration  of  Amlume  which  bodies 
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universally  undergo  from  changes  of  temperature,  the  necessity 
of  attending  to  this  circumstance  in  taking  specific  gravities  will 
now  be  readily  understood.  These  consisting  of  the  weights  of 
equal  bulks  of  different  kinds  of  matter  compared  ufith  water,  it 
is  necessary  that  the  temperature  of  the  standard,  and  of  the 
bodies  with  which  it  is  compared,  should  be  the  same.  The 
temperature  of  60°  has  generally  been  adopted  as  a mean, 
which  is  most  easily  insured  in  all  situations  and  in  all  seasons; 
but,  unfortunately,  practice  is  not  quite  uniform  in  this  respect, 
and  by  Act  of  Parliament  the  temperature  at  which  the  specific 
gravity  of  spirits  is  determined  by  the  Excise,  and  at  which  the 
standard  weights  and  measures  are  adjusted,  is  62°. 

From  the  great  dilatation  which  aeriform  matter  undergoes 
from  increase  of  temperature,  the.  correction  of  the  measured 
volumes  of  different  kinds  of  air  is  of  the  highest  importance. 
It  results  from  the  experiments  of  Dr.  Dalton  and  M.  Gay 
Lussac,  that  all  experience  equal  expansions  by  the  same 
augmentation  of  temperature,  and  that  100  parts  of  air  at  32°, 
being  heated  to  212°,  expand  to  137.5  parts:  the  increase  being 
^,^|th  = 0.375  of  the  original  bulk. 

Dividing  this  by  180,  we  find  that  a volume  of  air  dilates 
of  volume  which  it  occupied  at  32°,  for  every  degree 
of  Fahrenheit’s  scale*:  the  universality  of  this  law,  as  applied  to 
every  species  of  elastic  matter,  not  in  contact  with  any  liquid, 
has  been  proved  by  experiment  with  sul^stances  of  the  most 
opposite  qualities,  through  a range  of  temperature  extending  from 
the  freezing-point  of  water  to  the  boiling-point  of  quicksilver. 
The  application  of  this  observation  to  the  required  corrections 
will  be  obvious  with  a little  attention;  though  continual  mis- 
takes are  made  with  regard  to  it.  Let  it  be  required  to  know 
what  volume  100  cubic  inches  of  air  at  70°  would  occupy  at 
60°,  or  what  contraction  would  take  place  by  this  change  of 
10°;  we  must  bear  in  mind  that  it  is  not  P^rt  per  degree 

of  the  observed  volume  at  70°  which  is  to  be  deducted,  but 
•j-J-gth  part  of  the  volume,  which  100  cubic  inches  at  70°  would 
occupy  at  32°.  Now  480  parts  of  air  at  32°,  become  481  parts 
at  33°,  and  increase  one  part  for  every  additional  degree,  so  that 
at  60°  they  have  increased  to  508  parts,  and  at  70°  to  518  parts; 

* From  some  later  experiments,  conducted  with  the  greatest  care,  of  Pro- 
fessor lludberg,  of  Stockholm,  it  would  appear,  tliat  this  expansion  is  somewhat 
less,  and  does  not  exced  parts,  from  the  freezing  to  the  boiling  of  water, 
or  533rd  of  the  volume  at  32°. 
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and  thus  we  have  a proportion  between  the  volumes  at  60'^  and 
70°  by  which  we  can  determine  the  question,  for 

Vol.  at  70°  Vol.  at  60°  Cb.  In.  Cb.  In. 

480  + 38  : 480  + 28  : : 100  : 98.069. 

Or,  on  the  other  hand,  if  we  v/ish  to  know  the  correct  volume 
at  60°  of  40  cubic  inches  of  air  observed  at  35°, 

Vol.  at  36°  Vol.  at  60°  Cb.  In.  Cb.  In. 

480  + 3 : 480  + 28  : : 40  : 42.07. 

Again: — the  weight  of  100  cubic  inches  of  air  being  31  grains 
at  60°,  the  weight  of  an  equal  volume  at  212,  will  be  found  as 
follows — 

Vol.  at  212°  Vol.  at  60°  Grs.  Grs. 

480  + 180  : 480  + 28  ::  31  : 23.86. 

In  making  this  correction  for  temperature  in  addition  to 
that  for  pressure,  formerly  noticed  (§  47.),  it  matters  not  which 
is  first  applied  to  the  observed  volume,  as  the  result  will  be  the 
same  in  either  case. 

§ 155.  One  of  the  most  important  properties  of  heat — 
for  the  accurate  appreciation  of  which  we  are  indebted  to  the 
thermometer,  although  it  may  be  rudely  estimated  by  mere 
sensation, — is  its  tendency  to  an  equal  diffusion  or  equilibrium. 
Twenty  or  thirty  substances  of  different  natures,  all  unequally 
heated,  will  speedily  attain  to  an  equality  of  temperature  in  a 
stiU  atmosphere,  and  this  equality  is  established  by  different 
processes,  into  the  nature  and  laws  of  which  it  must  be  our 
business  to  inquire. 

CONDUCTION  OF  HEAT. 

§ 156.  If  we  take  a stick  of  charcoal,  and  hold  it  in  the 
flame  of  a candle  or  lamp,  we  shall  find  no  disagreeable  sensation 
of  heat,  even  when  the  red-hot  extremity  is  at  a very  small 
distance  from  our  fingers;  but  if  we  take  a metallic  wire  and 
hold  it  in  the  same  situation,  it  will  speedily  burn  us  at  many 
times  the  distance  from  the  hot  extremity  long  before  any  part 
becomes  red.  The  process  by  which  the  heat  is  conveyed  along 
the  metal  is  called  Conduction.  It  thus  travels  through  a body 
without  changing  the  relative  position  of  its  adjacent  particles. 
The  law  of  this  propagation  is  as  follows: — If  the  extremity  of 
a metallic  bar  be  placed  in  communication  with  a constant 
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source  of  heat,  and  we  wait  till  it  has  taken  up  a permanent 
state  of  temperature,  we  shall  find  that  for  distanees  from  the 
source  taken  in  arithmetical  progression,  the  excess  of  tem- 
perature above  the  surrounding  medium  will  form  a geometrical 
progression.  The  ratio  of  this  progression  wiU  vary  with  the 
substance. 

Tlie  property  varies  very  much  in  diflferent  solids;  and  from 
the  above  experiment,  we  conclude  that  the  charcoal  is  a bad 
conductor,  and  the  wire  a good  conductor  of  heat.  It  may  be 
roughly  stated,  that  the  most  dense  bodies  possess  the  property 
in  the  greatest  proportion:  thus  metals  are  the  best  conductors; 
next  stones;  next  hard  woods,  and  so  on. 


Table  XIII.  Of  Conduction. 


Gold 
Marble 
Porcelain  . 
Fine  Clay  . 


1000 

23.6 

12.2 

11.4 


Diamonds  and  other  gems  are  much  better  conductors  of 
heat  than  glass,  and  thus  may  be  distinguished  from  it  by  con- 
tact wdth  the  lips  which,  in  general,  are  very  sensible  to  changes 
of  temperature.  The  former  substances  will  feel  cool  when 
compared  with  the  latter. 

Metals  themselves  vary  very  much  in  their  conducting 
power,  so  that  if  equal  bars  of  silver  and  platinum  be  each  held 
by  one  of  their  extremities,  while  the  others  are  in  contact  with 
flame,  the  former  will  bum  us  while  the  latter  will  feel  scarcely 
warm.  The  following  table  exhibits  the  conducting  powers  of 
different  metals  compared  with  gold: — 

Table  XIV.  Of  Conduction  of  Metals. 


Gold  . 

. 1000 

Iron 

. 374.3 

Silver  . 

. 973 

Zinc 

. 363 

Copper  . 

. 898.2 

Tin 

. 303.9 

Platinum 

. 381 

Lead 

. 179.6 

§ 157.  We  have  already  noticed  the  vagueness  of  any 
estimation  of  temperatures  by  comparing  them  with  our  own  sen- 
sations; the  different  conducting  powers  of  substances  wiU  dis- 
cover a new  source  of  erroneous  judgment  from  this  test.  In  a 
room  of  uniform  temperature  all  the  different  inanimate  sub- 
stances may  be  of  equal  temperature,  Imt  if  we  touch  sub- 
stances of  different  densities  and  natures,  very  different  sensa- 
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tions  will  be  produced  by  them:  a piece  of  metal  wiU  feel  much 
colder  than  marble,  stone,  or  glass;  and  these,  again,  colder 
than  a wooden  table,  or  a book.  The  reason  is  obvious;  each 
of  these  substances,  although  they  would  affect  a thermometer 
equally,  has  a different  conducting  power;  and  that  which  is  the 
best  conductor  will  carry  off  heat  from  our  bodies  with  the 
greatest  rapidity,  and  therefore  will  produce  in  us  the  greatest 
sensation  of  cold. 

§ 158.  Many  useful  contrivances  for  the  convenient 
management  of  hot  bodies  are  dependent  upon  the  differences 
of  this  property;  as  when  a wooden  handle  is  applied  to  protect 
the  hand  from  a hot  tea-kettle,  or  the  handle  of  a silver  teapot 
is"  insidated  from  the  body  by  the  interposition  of  small  plates 
of  ivory,  which  effectually  prevent  the  conduction  of  heat  to  any 
inconvenient  extent. 

By  breaking  the  cohesion  of  solids  their  conducting  power 
may  be  very  much  decreased,  and  on  this  account,  by  placing  a 
layer  of  sand  upon  the  hand,  and  carefully  screening  the  sur- 
rounding parts,  a red-hot  iron  ball  may  be  supported  without 
inconvenience.  At  the  siege  of  Gibraltar  red-hot  balls  were 
carried  to  the  batteries  in  wheelbarrows,  covered  with  sand. 

§ 159.  Liquids  conduct  heat  with  such  difficulty,  that  it 
has  been  doubted  by  some  philosophers  whether  they  be  not 
destitute  of  this  power.  From  the  facility,  however,  with  which 
they  acquire  heat,  under  particular  circumstances,  it  might  be 
hastily  concluded  that  they  possess  it  in  an  eminent  degree : but 
this  facility  depends  upon  another  property  which  we  shall  pre- 
sently examine.  The  imperfection  of  this  property  in  liquids 
may  be  proved  by  a very  simple  and  easy  experiment.  If  we 
nearly  fiU  a glass  tube,  four  or  five  inches  in  length,  with  water, 
and  heat  the  upper  j^art  in  a spirit-lamp,  we  may  cause  the 
water  to  boil  upon  the  surface,  while  we  hold  the  tube  in  the 
hand  without  the  slightest  inconvenience,  the  water  not  being 
able  to  conduct  the  heat  downwards.  It  may  be  proved  with 
greater  precision  by  placing  an  air  thermometer  in  a glass  jar, 
and  filling  the  latter  with  water,  so  as  to  cover  the  bidb  with  a 
layer  of  the  liquid,  not  more  than  the  tenth  of  an  inch  in  depth. 
Oil  of  the  temperature  of  400°  may  now  be  carefully  poured 
upon  the  surface;  or  a capsule  of  inflamed  ether  may  be  floated 
upon  it  without  affecting  the  thermometer.  The  heat,  how- 
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ever,  will  ultimately  be  conducted  down  the  solid  sides  of 
the  containing  vessel;  and  the  interference  of  this  operation 
renders  it  difficult  to  make  very  accurate  observations  upon  the 
subject;  but  it  has,  nevertheless,  been  proved  by  very  delicate 
and  ingenious  experiments,  that  liquids  do  conduct  heat,  and 
differences  in  the  power  have  even  been  detected  in  different 
liquids:  mercury,  for  instance,  being  a better  conductor  than 
water,  and  water  than  oil. 

§ 160.  The  difficulty  of  determining  the  power  of  con- 
duction in  aeriform  bodies,  is  still  greater  than  in  liquids.  It 
has  never  yet  been  proved  that  they  are  capable  of  conducting 
heat  at  all;  and  common  experience  even  may  convince  us  that 
they  are  A’ery  bad  conductors.  A very  simple  experiment  may 
afford  a rough  estimate  of  the  comparative  powers  of  con- 
duction in  the  three  classes  of  solid,  liquid,  and  aeriform  bodies. 
Metals  heated  to  120°  will  severely  burn  a hand  placed  upon 
them,  owing  to  the  facility  with  which  the  heat  will  travel 
towards  it;  water  will  not  scald,  provided  the  hand  be  kept 
without  motion  in  it  till  it  reaches  the  temperature  of  150°, 
whde  the  contact  of  air  may  be  endured  at  300°.  A thin  layer 
of  either  the  liquid  or  air  is  cooled  by  the  contact,  through 
which  the  heat  of  the  adjacent  particles  travels  with  great  diffi- 
culty; but  if  the  hand  be  briskly  moved  about,  and  brought 
into  contact  with  fresh  particles,  the  water  will  be  intolerable 
at  a much  lower  temperature. 

There  is  an  experiment  upon  record,  in  the  Philosophical 
Transactions,  by  Sir  Joseph  Banks,  and  others,  who  ventured 
into  a room  heated  to  260°,  and  remained  there  a considerable 
time  without  serious  inconvenience:  and  in  several  processes  of 
the  arts  it  is  necessary  for  workmen  to  enter  stoves  heated  as 
high  even  as  300°,  from  which  no  injurious  effects  follow. 
Under  such  circumstances,  all  contact  with  metallic  substances 
must  be  carefully  avoided,  or  severe  injury  would  be  sustained. 
The  same  property  of  non-conduction  also  preserves  the  body 
in  the  opposite  extreme  of  temperature;  and  the  late  voyages 
to  the  arctic  regions  prove  that  a cold  of  —55°,  or  14°  below 
that  of  freezing  mercury,  may  be  sustained  without  injury, 
provided  the  atmosphere  be  still;  but  if  there  be  any  wind,  the 
successive  contact  of  fresh  particles,  even  at  much  higher  tem- 
perature, will  abstract  heat  with  sufficient  rapidity  to  freeze  the 
extremities. 
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§ 161.  The  bad  conducting  power  of  the  vapour  of 
liquids  is  strikingly  proved  by  heating  a bright  capsule^,  or  cru- 
cible of  platinum  or  silver,  to  nearly  a white  heat,  and  then 
throwing  into  it  a few  drops  of  water.  The  hquid  will  be  col- 
lected into  the  form  of  a flattened  sphere,  under  the  force  of 
cohesion,  and  will  roll  about  upon  its  axis  to  different  parts  of 
the  heated  surface  without  wetting  it,  being  kept  from  contact 
by  an  intervening  atmosphere  of  vapour.  Under  these  circum- 
stances it  will  slowly  evaporate,  but  will  never  reach  its  boiling- 
point.  If  the  temperature,  however,  of  the  metal  be  allowed  to 
fall,  the  liquid  will  come  into  contact  with  it,  and  will  be 
converted  into  vapour  with  almost  explosive  violence. 

The  same  phenomena  are  produced  with  water  and  heated 
iron;  and  another  curious  instance  of  the  anticipation  of  science 
by  common  experience  is  afforded  by  the  test  which  laun- 
dresses apply  to  ascertain  the  proper  temperature  of  their 
smoothing-irons.  When  a drop  of  moisture,  extemporaneously 
applied,  rolls  off  the  iron  in  a globule,  they  know  that  it  is  suffi- 
ciently hot;  but  when  it  adheres  and  boils,  it  is  returned  to 
the  stove. 

§ 162.  Many  useful  applications  are  daily  made  of  these 
principles,  to  the  purposes  of  convenience,  and  of  the  arts. 
We  put  double  doors  inclosing  a body  of  air,  to  our  furnaces, 
to  prevent  the  heat  from  being  conducted  outwards;  and  we 
double-case  our  ice-houses  to  prevent  it  from  being  conducted 
inv/ards.  We  act  upon  the  same  experience  in  the  selection  of 
proper  substances  for  clothing,  to  preserve  our  animal  warmth: 
the  articles  of  dress  are  warm  in  proportion  to  the  quantity  of 
air  which  they  contain  in  their  texture;  furs,  feathers,  wool, 
and  down,  retard  the  passage  of  heat  in  this  way;  and,  for  the 
same  reason,  snow  preserves  the  warmth  of  the  earth  in  frosty 
feather. 

Count  Rumford  measured  the  relative  conducting  power  of 
different  materials  employed  for  clothing,  by  envelojoing  a ther- 
mometer in  a glass  cylinder,  blown  into  a ball  at  its  extremity, 
and  filling  the  interstices  with  the  substance  to  be  examined. 
He  heated  the  apparatus  in  boiling  water,  and  then  trans- 
ferred it  into  melting  ice,  and  observed  the  number  of  seconds 
which  elapsed  during  the  passage  of  the  thermometer  through 
130  degrees. 
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Air,  alone  required  . 576" 

Lint  . . . 1032 

Cotton  wool  . . 1046 

Sheep’s  wool  . .1118 


Raw  silk  . . 1 284" 

Beavers’  fur  . . 1296 

Eider  down  . . 1305 

Hares’  fur  . . 1315 


The  unerring  Wisdom  which  providently  presides  over  the 
order  of  nature,  changes  the  clothing  of  many  animals  as  the 
seasons  change:  hair,  at  the  approach  of  winter,  being  changed 
into  wool,  and  feathers  into  down. 


CONVECTION  OF  HEAT. 

§ 163.  Every  one  is  aware  that,  notwithstanding  the 
difficulty  with  Avhich  heat  travels  through  liquid  and  aeriform 
matter,  by  the  process  of  conduction,  that  is,  without  disturbing 
the  relative  position  of  adjacent  particles,  both  classes  of  bodies 
speedily  become  heated,  and  that  equilibrium  of  temperature  is 
brought  about  which  it  is  always  the  tendency  of  heat  to  operate 
and  maintain.  This  is  effected  by  processes  of  circulation — or 
rapid  change  in  the  relative  position  of  adjacent  particles, — and 
the  process  has  been  appropriately  termed  Gonvection. 

When  a liquid  is  heated  we  have  seen  that  it  expands,  and, 
of  course,  becomes  lighter;  from  its  great  mobility  the  heated 
and  lighter  particles  rise  to  the  surface  of  the  mass,  and  a new 
portion  comes  into  contact  with  the  source  of  heat,  rises  in  its 
turn,  and  so  the  whole  is  brought  successively  under  its  influence, 
and  the  motion  will  continue,  as  long  as  heat  continues  to  be 
thus  communicated.  The  rapidity  with  which  heat  is  thus  con- 
veyed is  easily  illustrated  by  the  simple  apparatus  of  the  water 
in  the  glass-tube  (§  159).  If,  instead  of  applying  the  flame  of 
the  spirit-lamp  to  the  surface  of  the  liquid,  it  be  applied  to  the 
bottom,  the  whole  mass  speedily  attains  the  boiling  tempe- 
rature, and  becomes  intolerable  to  the  hand.  The  course  of  the 
currents  by  which  the  circiflation  is  maintained  is  easily  rendered 
visible  by  suspending  some  light  powder,  of  about  the  same 
specific  gravity,  in  water,  in  a glass  flask.  The  more  a liquid  is 
expanded  by  a given  change  of  temperature,  the  greater  will  be 
the  difference  of  specific  gravity  between  the  part  which  is 
heated  and  the  rest  of  the  mass,  and  the  more  rapid  therefore 
will  be  the  circulation  from  the  change.  Any  tenacity  and  vis- 
cosity in  the  liquid  will  impede  its  motion,  and  when  water  is 
thickened  with  flour,  or  other  farinaceous  substances,  it  parts 
with  acquired  heat  very  slowly:  many  a person,  however,  has 
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burned  his  mouth  with  hot  porridge,  and  expressed  his  surprise 
at  the  slowness  with  which  it  cools,  without  being  able  to  assign 
the  philosophical  reason  of  the  phenomenon. 

The  circulation  of  heated  water  is  now  commonly  and 
advantageously  applied  as  a safe,  economical,  and  regular  means 
of  warming  hothouses,  and  other  buildings. 

The  heating  of  a large  body  of  liquid  may  be  greatly  faci- 
litated by  assisting  the  separation  of  the  ascending  hot  current 
from  the  descending  cold  one  by  the  interposition  of  a dia- 
phragm properly  disposed;  without  such  a contrivance  the 
two  currents  interfere  and  neutralize  each  othei'’s  motions. 
Mr.  Perkins  constructed  a boiler  upon  this  principle,  which 
was  found  to  be  very  efficacious  and  economical.  The  dia- 
phragm consisted  of  an  arched  sheet  of  iron,  placed  in  the 
interior,'immediately  over  the  hottest  part  of  the  fire,  and  divided 
in  the  middle  by  a longitudinal  slit,  through  ■u'hich  a column  of 
hot  water  ascended,  while  the  colder  parts  descended  on  each 
side,  and  thus  a regular  and  free  circulation  was  maintained. 

§ 164.  The  same  process  takes  place,  but  much  more 
rapidly,  in  elastic  fluids;  and  in  this  class  of  bodies  the  equili- 
brium of  heat  is  maintained  by  a circulation  of  the  most  perfect 
kind.  Any  one  who  has  observed  “ the  motes  in  a sunbeam,” 
must  have  remarked  by  their  motion,  in  almost  every  direction, 
the  rapidity  with  which  the  ascending  and  descending  currents 
of  the  air  upon  which  they  are  borne,  intermingle;  and  U]3on 
looking  across  a heated  body,  as  a chimney  or  a hot  poker,  the 
ascent  of  the  heated  column  of  air  may  clearly  be  detected. 

The  force  with  which  it  rises  is  indicated  by  the  steady  and 
tapering  form  of  the  flame  of  a candle,  which  consists  of  aeriform 
matter  in  a state  of  ignition.  This  heated  current  generally 
ascends  perpendicularly  in  the  surrounding  cool  medium,  but 
may  be  diverted  from  its  course  by  holding  over  it  a long  tube, 
in  the  axis  of  which  it  wall  flowq  though  greatly  inclined  from 
the  perpendicular.  The  flame  of  a gas-burner  may  even  be 
directed  dowmwards  by  connecting  it  with  the  shorter  arm  of 
a tube  bent  twice  at  right  angles.  The  longer  arm  must  have 
the  air  within  it  rarefied,  by  burning  a little  spirit  of  wine  in  a 
sponge,  when  an  ascending  current  wall  be  established,  wdiich 
will  draw  down  the  ignited  gas,  the  heat  of  wffiich  will  afterw'ards 
maintain  the  draught  in  the  chimney. 
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§ 165.  Tlie  expansive  and  ascensional  force  of  a body 
of  hot  air  may  also  be  illustrated  by  confining  it  in  a bag  of  any 
light  material,  such  as  tissue  paper.  If  the  aperture  of  such  a 
bag  be  held  over  the  flame  of  a piece  of  sponge,  steeped  in 
spirit  of  wine,  it  will  become  distended,  and  ascend  in-  the  air. 
Such  was  the  power  which  Montgolfier  first  applied  to  the 
construction  of  a balloon,  and  in  dependence  upon  this  principle 
Pilatre  de  Rosier  first  committed  himself  to  float  upon  the 
atmosphere. 

§ 166.  Some  very  interesting  properties  of  aerial  currents 
may  be  illustrated  by  placing  a lighted  taper  in  a flat  dish,  and 
covering  it  A^dth  a bell-glass,  with  a long  chimney  immediately 
over  the  flame.  If  a little  water  be  placed  round  the  edge  of 
the  glass,  in  the  dish,  the  air  Avill  be  prevented  from  entering 
under  it,  and  the  flame  will  speedily  be  extinguished  for  want 
of  a fresh  supply.  If,  however,  the  taper  be  again  lighted,  and 
the  chimney  of  the  bell-glass  be  divided  into  two  channels 
by  a diaphragm  down  the  middle,  and  it  be  again  placed  over 
the  taper,  it  will  continue  to  burn  for  any  length  of  time.  The 
heated  and  light  particles  of  the  air,  which  tended  to  ascend  in 
the  tube  in  the  former  arrangement,  but  were  impeded  by  the 
opposite  tendency  of  the  cold  particles  to  descend,  will  pass  out 
by  an  ascending  current  on  one  side  of  the  diaphragm,  while  a 
contrary  current  of  fresh,  air  will  continually  compensate  them 
on  the  other  side;  the  direction  of  these  currents  is  readily 
rendered  visible,  by  mixing  some  cloudy  or  smoky  substance 
with  the  descending  current.  This  separation  of  contrary 
currents  is  of  considerable  importance  in  the  ventilation  of 
mines,  and  many  deep  shafts  are  divided  by  boarded  partitions, 
to  insure  the  descent  of  fresh  air  upon  this  principle. 

We  are  indebted  to  the  expansion  of  air  for  the  ventilation 
of  our  rooms,  and  for  the  ascending  currents  in  our  chimneys, 
by  which  our  fires  are  maintained.  If  we  hold  the  flame  of  a 
candle  to  the  upper  part  of  a door,  opening  into  a heated  room, 
we  shall  not  fail  to  find,  by  the  direction  in  which  it  is  bent, 
that  a current  of  light  heated  air  passes  outwards;  while,  by 
lowering  it  to  near  the  bottom,  we  shall  be  able  to  detect  a 
counter-current  of  denser  cold  air  rushing  inwards  with  equal 
velocity. 

The  knowledge  of  these  principles,  it  cannot  be  denied, 
ought  to  have  led  to  a more  perfect  system  of  ventilation  than 
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is  commonly  adopted  in  our  public  buildings,  where  crowds 
assemble  for  business  or  for  pleasure;  but  this,  unhappily,  is 
not  the  only  instance  in  which  indolence  prefers  the  well-beaten 
road  of  routine  practice  to  the  more  laborious  paths  which  better 
knowledge  would  point  out. 

§ 167.  The  convection  of  heat  is  a process  of  the  utmost 
consequence  also  in  some  of  the  grand  operations  of  nature;  and 
it  is  principally  by  the  circulation  of  fluids,  elastic  and  non- 
elastic, of  which  their  perfect  mobility  renders  them  suscep- 
tible, that  the  distribution  of  temperature  over  the  earth  is 
regulated,  and  those  great  inequalities  guarded  against,  which 
would  certainly  result  from  the  heating  of  the  solid  strata  alone. 
Thus  the  atmosphere  with  which  the  globe  is  surrounded 
moderates  the  extremes  of  temperatures  both  in  the  arctic  and 
equatorial  regions.  When  the  surface  becomes  heated  by  the 
direct  rays  of  the  vertical  sun,  the  stratum  of  air  reposing  on  it 
is  rarefied  and  ascends;  its  place  is  supplied  by  the  denser  air 
pressing  in  from  the  colder  parallels,  and  by  a constant  succes- 
sion of  these  operations  the  heat  is  moderated,  which  would 
otherwise  become  intense.  The  constant  current  of  the  trade 
winds  owes  its  primary  impulse  and  direction  to  this  cause. 
The  constantly  ascending  warm  air,  in  its  effort  to  maintain 
that  equilibrium  and  equality  of  pressure  which  results  from 
the  laws  of  hydrostatics,  must  flow  over  towards  the  colder 
climates,  and  carry  with  it  the  heat  with  which  it  is  charged, 
and  thereby  mitigate  the  extremes  of  cold.  Currents  from  the 
poles  to  the  equator  upon  the  surface  of  the  earth,  and  opposite 
currents  from  the  equator  to  the  poles,  in  the  upper  region  of 
the  atmosphere,  will  therefore  constantly  exist,  although  their 
directions  may  be  variously  modified  by  inequalities  upon 
the  earth’s  surface,  and  other  disturbing  influences.  The  course 
of  these  grand  compensating  currents  has  often  been  traced  by 
accidental  circumstances.  Some  years  ago,  during  an  eruption 
of  a volcano  in  the  island  of  St.  Vincent,  in  the  West  Indies,  it 
was  observed  that  the  ashes  were  carried  against  the  course 
of  the  winds:  i.  e.,  against  the  course  of  the  current  upon 
the  surface  of  the  earth.  The  force  of  the  explosion,  or  the 
ascensional  force  of  the  ascending  column  of  heated  air,  had,  in 
fact,  carried  them  into  the  upper  stream,  which  was  flowing  in 
the  contrary  direction.  Those  also  who  have  made  the  ascent 
of  the  Peak  of  Teneriffe,  have  constantly  observed  the  wind 
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blowing  in  the  contrary  direction  on  the  summit,  to  that  which 
prevailed  at  the  foot  of  that  mountain. 

§ 168.  Water  is  not  less  useful  in  this  respect,  in  the 
economy  of  nature.  When  a current  of  cold  air  passes  over 
the  surface  of  a large  collection  of  water,  it  abstracts  from  it  a 
quantity  of  heat;  the  specific  gravity  of  the  water  is  thereby 
increased,  and  the  cooled  portion  sinks.  Its  descent  forces  up 
a portion  of  warmer  water  to  the  surface,  which  again  commu- 
nicates heat  to  the  air  passing  over  it;  and  this  process  may  be 
continued  for  a considerable  time,  proportioned  to  the  depth  of 
the  water.  Currents  are  also  formed  in  the  ocean  similar  to 
those  in  the  elastic  atmosphere.  The  water  which  descends, 
when  unobstructed,  must  spread  at  the  bottom  of  the  sea,  and 
the  denser  water  of  cooler  latitudes  will  flow  towards  the 
equator,  and  produce  compensating  currents  upon  the  surface 
in  opposite  directions;  and  thus  the  ocean  again  tends  to 
moderate  the  excessive  heats  of  the  torrid  zone,  as  well  as  the 
intense  colds  of  the  polar  climates.  The  Gulf  Stream,  as  it  is 
named,  is  an  example  of  this  action.  This  great  current  sets 
across  the  Atlantic  from  the  coasts  of  Africa,  and  being  deflected 
from  the  shores  of  the  Gulf  of  Mexico,  is  carried  northwards  to 
the  banks  of  Newfoundland,  in  the  neighbouring  latitudes  of 
which,  it  may  generally  be  detected  by  its  effects  upon  the 
thermometer.  An  immense  volume  of  warm  water  is  thus 
transported  to  the  cold  regions  of  the  north,  where  it  cannot 
but  have  a considerable  influence  upon  the  climate.  It  is 
probable  that  the  temperature  of  the  westerly  winds  of  our  own 
island  in  winter  is  much  influenced  by  this  cause. 

§ 169.  And  here  we  must  not  fail  to  observe  the  impor- 
tant and  beneficial  purpose  effected  by  that  singular  exception 
to  the  general  law  of  expansion  by  heat,  which  fixes  the  point 
of  greatest  density  in  water  nearly  eight  degrees  above  its  point 
of  congelation  (§  153).  When  the  whole  mass  of  accumulated 
fluid,  such  as  that  in  a deep  lake,  has  been  cooled  down  to  the 
temperature  of  40°  by  the  perpendicular  circulation  which  we 
have  just  considered,  the  vertical  movement  ceases,  and  the 
surface  water  becoming  lighter  as  the  temperature  further  falls, 
soon  sets  into  a sheet  of  ice.  The  subjacent  water  is  preserved 
from  the  further  influence  of  the  cold  by  the  cessation  of  the 
circulation,  and  its  almost  perfect  non-conducting  power.  If, 
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like  mercury,  oil,  and  other  liquids,  its  density  went  on  aug- 
menting to  its  freezing  point,  the  cold  air  would  continne  to 
rob  the  mass  of  its  heat  till  the  whole  sank  to  32°,  and  it  would 
suddenly  set  into  a solid  rock  of  ice,  and  every  living  animal 
within  it  would  perish.  In  these  climates  a lake  so  frozen 
could  never  again  be  liquefied;  for  the  process  of  thawing 
necessarily  beginning  above,  the  heated  and  light  water  would 
lie  upon  the  surface,  and  effectually  prevent  the  convection  of 
heat  to  the  lower  strata. 

We  are  naturally  struck  with  this  wonderful  proof  of  design 
in  a superintending  Providence:  for  although  proofs  of  the 
most  perfect  contrivances  abound  in  every  stone  which  we 
tread  beneath  our  feet,  and  in  every  breath  of  air  which  we 
draw,  we  here  see  that  the  Almighty  in  his  working  is  not 
rigidly  bound  by  the  laws  which  He  has  framed  for  the  order  of 
the  material  universe,  but  that  He  can  maintain  that  order  and 
effect  his  beneficial  purposes  by  exceptions  to  those  laws,  when 
it  seems  fit  to  his  perfect  wisdom. 

This  is  the  course  in  accumulations  of  fresh  water:  for  the 
waters  of  the  great  deep,”  another  protection  has  been  pro- 
vided. Saline  matter  in  solution  in  water,  it  has  been  ascer- 
tained, lowers  both  the  point  of  freezing,  and  the  point  of 
maximum  density.  The  ocean,  on  that  account,  and  because 
of  its  great  depth,  which  renders  it  an  almost  inexhaustible 
store  of  heat,  resists  freezing  still  more  effectually  than  the 
deepest  natural  reservoirs  of  fresh  water,  and  is  scarcely  known 
to  freeze,  except  in  latitudes  where  the  most  intense  cold 
prevails.  Even  then,  it  is  the  watery  particles  alone  which 
congeal  to  the  exclusion  of  the  saline,  which,  increasing  the 
density  of  the  lower  strata,  arrest  their  circulation,  and  thus 
preserve  them  from  the  superficial  cold. 

FIEAT  OF  COMPOSITION. 

§ 170.  Heat  and  Temperature  we  have  hitherto  used  as 
nearly  synonymous  terms,  and  all  the  effects  of  the  subtle  force, 
to  which  we  have  been  directing  our  attention,  have  been 
accompanied  by  its  free  development,  and  have  been  measured 
by  our  sensations,  and  -by  the  thermometer  and  pyrometer. 
We  have  now  to  trace  it,  entering,  as  it  were,  into  the  compo- 
sition of  bodies,  losing  its  character  of  temperature,  and 
becoming  latent  to  our  instruments  and  our  feelings. 

Equal  volumes  of  the  same  liquid,  at  different  temperatures, 
afford,  upon  mixture,  the  mean  temperature  of  the  two.  A pint 
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of  water  at  50°,  being  mixed  with  a pint  at  100°,  a thermo- 
meter immersed  in  the  mixture  will  indicate  a temperature  of 
75°.  This  result  has  already,  indeed,  been  adduced  in  confir- 
mation of  the  accuracy  of  the  instrument  (§  143).  If,  however, 
a measure  of  quicksilver  at  100°  be  agitated  with  an  equal 
measure  of  water  at  40°,  the  resulting  temperature  of  the  two 
win  not  be  70°,  or  the  mean,  but  10°  lower,  or  60°;  so  that  the 
quicksilver  will  lose  40°,  whereas  the  water  will  only  gain  20°: 
yet  the  water  must  contain  the  whole  heat  which  the  quick- 
silver has  lost.  Hence,  it  appears  that  water  has  a greater 
capacity  for  heat  than  quicksilver:  it  requires  a larger  quantity 
of  heat  to  raise  it  to  a given  temperature.  The  confirmation  of 
this  view  may  be  obtained  by  the  converse  of  the  experiment; 
for  if  a measure  of  water  at  100°  be  agitated  with  an  equal 
measure  of  quicksilver  at  40°,  the  resulting  temperature  will  be 
80°:  the  water  will  fall  20°  in  temperature,  but  in  this  fall  will 
give  out  sufficient  heat  to  raise  the  quicksilver  40°. 

The  same  comparison  may  be  made  by  weight,  and  will  lead 
to  the  same  conclusion.  Thus,  if  a pound  of  quicksilver  at  40° 
be  agitated  with  a pound  of  water  at  156°,  the  resulting 
temperature  will  be  152°.3:  the  water  will  lose  3°.7  of  tem- 
perature, but  enough  heat  will  be  evolved  to  raise  the  metal 
112°3.  Now,  the  proportion  of  3°.7  : 112°.3,  is  the  same  as 
0.033  : 1 ; hence,  adopting  water  as  the  standard  of  comparison, 
we  caU  the  specific  heat  of  quicksilver  0.033,  designating  by 
the  term  specific  heat  the  heat  peculiar  to  the  species  of  matter 
compared  with  the  standard. 

Again:  If  a pound  of  water  at  100°,  and  the  same  weight 
of  oil  at  50°,  be  mixed  together,  the  resulting  temperature  will 
not  be  the  mean,  ']5°,  but  83°^;  the  water,  therefore,  will  lose 
16°f,  while  the  oil  will  gain  33°-^,  or  reversing  the  temperatures, 
the  mean  will  be  66°^,  so  that  the  oil  will  give  out  33°^^,  and 
the  water  will  rise  only  16°f.  Hence,  the  heat  which  will  raise 
the  temperature  of  oil  2°,  will  raise  an  equal  weight  of  water 
oidy  1°;  and  the  specific  heat  of  oil  will  therefore  be  0.5. 

§ 171.  This  different  capacity  of  different  bodies  for  heat 
must  have  a considerable  influence  upon  their  rates  of  heating 
or  cooling:  those  which  have  the  highest  specific  heat  increasing 
or  diminishing  their  temperatures  most  slowly  under  equal 
circumstances.  Thus,  if  equal  weights  of  water  and  quicksilver 
be  placed  at  equal  distances  before  a fire,  the  metal  will  be 
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more  rapidly  heated  than  the  water;  and  again  will  cool  down 
a certain  number  of  degrees  more  rapidly  when  exposed  in  a 
cold  place.  Conversely,  the  specific  heats  of  different  bodies 
may  be  determined  by  carefully  observing  the  time  in  which 
they  cool  down  a certain  number  of  degrees,  and  comparing 
them  with  water  tmder  similar  circumstances.  This  method  is 
susceptible  of  great  accuracy,  and  may  obviously  be  applied 
where  mixture  is  impossible. 

§ 172.  A third  method  of  ascertaining  specific  heats  was 
devised  by  MM.  Lavoisier  and  La  Place,  who  contrived  an 
apparatus  for  the  purpose,  to  which  they  gave  the  name  of 
Calorimeter.  This  instrument  was  liable,  however,  to  some 
practical  objections,  which  have  limited  its  use.  The  principle, 
upon  which  it  was  constructed,  will  afford  another  illustration 
of  the  nature  of  the  phenomenon  (40).  A certain  weight  of 
water,  for  instance,  was  surrounded  with  ice  in  a convenient 
vessel,  and  in  passing  from  the  temperature  of  212°  to  32°,  the 
quantity  melted  was  found  to  be  a pound;  an  equal  weight  of 
oil  in  cooling  down  through  the  same  range  of  temperature 
thawed  only  half  a pound:  and  from  this  experiment  we  arrive 
at  the  same  conclusion,  as  from  mixture  and  cooling,  that  the 
specific  heat  of  water  being  reckoned  as  1°,  that  of  the  oil  is 
only  0.5°. 


(40)  The  calorimeter  consists 
of  two  similar  metallic  vessels,  the 
one  contained  within  the  other, 
and  kept  separate  by  small  pieces 
of  wood.  The  interval  between 
the  two  is  filled  with  ice,  broken 
small,  and  packed  close.  By  con- 
stantly renewing  this  ice  as  it  melts 
by  the  heat  of  the  atmosphere,  the 
interior  vessel  will  be  kept  con- 
stantly at  the  temperature  of  32°. 
The  water  which  is  formed  is  re- 
moved by  a stop-cock  placed  at  the 
lower  part  of  the  interval  between 
the  two  vessels.  Within  the  interior  vessel  another  still  smaller  is 
suspended,  formed  of  iron  net,  designed  to  hold  the  body  to  be  cooled. 
The  interval  between  this  third  vessel  and  the  second  is  also  filled 
with  ice:  and  the  water  which  this  latter  produces  in  melting,  flows 
out  of  the  lateral  stop-cock  into  a vessel  which  receives  it,  that  it  may 
be  accurately  weighed. 


SPECIFIC  HEAT. 


133 


Tlie  following  table  exhibits  the  specific  heats  of  equal 
weights  of  various  bodies  referred  to  this  standard,  from  the 
best  authorities: — 


Table  XV.  Of  Specific  Heats. 


Hydrogen  gas 

. 3.2936 

Carbonic  acid 

. 0.2210 

Water  . 

. 1.0000 

Charcoal 

. 0.2631 

Aqueous  vapour 

. 0.8470 

Sulphur 

. 0.1850 

Alcohol 

. 0.7000 

Iron 

. 0.1138 

Ether  . 

. 0.6600 

Zinc 

. 0.0955 

Oil 

. 0.5200 

Mercmy 

. 0.0332 

Nitrogen  gas  . 

. 0.2754 

Platinum 

. 0.0324 

Air 

Oxygen 

. 0.2669 
. 0.2361 

Gold  . 

. 0.0298 

§ 173.  It  has  been  shown  by  the  careful  experiments  of 
MM.  Dulong  and  Petit,  that  the  specific  heat  of  bodies  in- 
creases as  their  temperature  rises;  so  that  it  requires  more  heat 
to  raise  them  a certain  number  of  degrees  when  at  a high  than 
when  at  a low  temperature.  The  specific  heat  of  iron,  for 
instance,  was  found  as  set  down  in  the  following  table: — 


Table  XVI.  Specific  Heat  of  Iron. 


From  32°  to  212°  . 
392°  . 

572°  . 

662°  . 


0.1098 

0.1150 

0.1218 

0.1255 


A similar  law  is  maintained  in  other  bodies,  as  shown  in  the 
following  table: — 


Table  XVII.  Progressive  Specific  Heat. 

Between  32°  and  212°.  Between  32°  and  572°. 


Mercury 

. 0.0330 

0.0350 

Zinc  . 

. 0.0927 

0.1015 

Antimony  . 

. 0.0507 

0.0547 

Silver 

. 0.0557 

0.0611 

Copper 

. 0.0949 

0.1013 

Platinum 

. 0.0335 

0.0355 

Glass 

. 0.1770 

0.1900 

§ 174.  It  is  probably  from  changes  effected  in  the  specific 
heat  of  bodies  that  condensation  or  approximation  of  their 
particles  is  attended  with  elevation  of  temperature,  and  dilatation 
or  expansion  with  the  opposite  effect. 

When  spirits  of  wine  and  water  are  mixed  together  in  equal 
measures,  it  may  be  shown  that  the  bulk  of  the  mixture  is  less 
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than  that  of  the  two  liquids  in  their  separate  states  (§96);  and, 
in  consequence,  the  temperature  rises  so  as  to  become  sensibly 
warm  to  the  hand.  In  the  same  way  oil  of  vitriol  and  water 
contract  on  mixture,  and  so  much  heat  becomes  free,  that  some 
inflammable  substances  may  be  kindled,  or  water  boiled,  by  its 
application.  The  sudden  compression  of  air  by  the  piston  of  a 
small  syringe  disengages  heat  enough  to  kindle  tinder  exposed 
to  it:  while  compressed  air  suddenly  allowed  to  expand  will 
become  so  cold  as  to  condense  all  the  vapour,  with  which  it 
may  be  mixed,  in  the  form  of  a cloud.  If  a delicate  ther- 
mometer again  be  suspended  in  the  receiver  of  an  air-pump,  it 
Mull  be  found  to  sink  during  the  process  of  exhaustion,  and  the 
cloud  which  commonly  forms  at  the  same  time  is  owing  to  the 
same  absorption  of  the  heat  of  temperature. 

§ 175.  The  increased  capacity  which  air  acquires  by  rare- 
faction has  an  important  influence  in  modifying  the  temperature 
of  the  atmosphere.  The  air  becoming  rarer  as  it  ascends, 
absorbs  its  own  free  heat,  and  hence  becomes  cold  in  pro- 
portion as  it  recedes  from  the  surface  of  the  earth,  from  which 
it  chiefly  derives  its  heat.  The  average  depression  of  tem- 
perature has  been  found  to  be  about  1°  of  Fahrenheit’s  scale  for 
each  300  feet  of  ascent.  Sir  John  Leslie  investigated  the 
subject  and  proposed  a formula,  the  results  of  which  agree 
admirably  with  observation  and  experiment;  even  the  extreme 
result  of  the  ignition  of  the  tinder  to  which  we  have  just 
referred  being  indicated  by  it.  It  may  be  expressed  as  follows: 
Multiply  the  constant  co-efficient  45  by  the  difference  between 
the  density  of  the  air  and  its  reciprocal,  and  the  result  will 
represent  the  measure  of  heat  upon  Fahrenheit’s  scale  due  to  the 
change  of  condition.  This  result  may  he. plus  or  minus:  it  may 
express  the  heat  liberated  in  the  eondensation  of  air,  or  the 
heat  absorbed  during  its  opposite  rarefaction. 

Thus  let  it  be  required  to  estimate  the  heat  liberated  from 
air  when  its  density  is  tripled  : 

45  (3-i)  = 120° 

which  is  the  measure  of  the  heat  liberated;  and  the  same 
quantity  will  be  absorbed  either  when  the  air  recovers  its  former 
density,  or  when  air  of  the  ordinary  state  is  expanded  into 
triple  its  volume.  By  this  constitution  of  the  atmosphere, 
heat,  so  to  speak,  is  economised:  for  if,  instead  of  thus  being 
absorbed  and  laid  up  in  store,  it  had  remained  free,  it  would 
soon  have  become  dissipated  and  lost.  Other  most  imiiortant 
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purposes  are  also  effected  by  the  progression  of  temperature 
which  this  law  of  specific  heat  has  a tendency  to  maintain^  to 
which  we  shall  presently  advert. 

§ 176.  When  matter  undergoes  one  of  the  great  physical 
changes,  from  the  solid  to  the  liquid,  and  from  the  liquid  to  the 
aeriform  state,  we  find  exemplifications  of  the  phenomena  of 
latent  heat.  As  in  these  transitions  a large  quantity  of  heat  is 
absorbed,  combined,  or  fixed,  so  in  the  opposite  changes  from 
the  aeriform  to  the  liquid,  and  from  the  liquid  to  the  solid  state, 
heat  is  again  liberated  and  becomes  sensible. 

It  was  Dr.  Black,  who,  about  the  year  1757^  originally 
investigated  the  phenomena  of  latent  heat  with  singular  success, 
and  his  researches  upon  the  subject  rank  amongst  the  most 
admirable  efforts  of  experimental  philosophy.  The  observation 
had,  as  has  been  before  remarked  (§  139),  previously  been 
made  that  the  freezing  and  boiling  of  water  always  took  place 
at  certain  fixed  temperatures;  but  it  occurred  first  to  Dr.  Black, 
to  inquire  what  becomes  of  the  heat  which  in  either  case  must 
keep  continually  flowing  into  the  bodies  whilst  the  processes  are 
maintained. 

Equal  weights  of  water  at  32°  and  of  water  at  212°  will,  as 
has  been  before  explained,  produce  on  mixture  the  mean  tem- 
perature of  122°:  but  equal  weights  of  ice  at  32°  and  of  water 
at  212°  only  produce,  after  the  ice  has  melted,  a temperature  of 
52°:  the  water  loses  160  degrees  of  temperature  while  the  ice 
acquires  only  20°;  140°  degrees  of  heat  are  therefore  expended 
in  changing  the  state  of  the  ice  from  solid  to  liquid.  Dr. 
Black,  from  this  and  similar  experiments,  drew  the  conclusion 
that  this  portion  of  heat  became  latent  in  the  water;  which 
owes  its  fluid  state  to  this  latent  heat.  That  this  heat  is  not 
destroyed  or  annihilated,  wdl  appear  from  considering  that 
water,  exposed  to  a degree  of  cold  far  below  the  freezing-point, 
will  gradually  part  with  its  excess  of  temperature  above  that  of 
the  surrounding  bodies,  and  become  colder  and  colder  till  it 
reaches  the  freezing-point;  but  will  not  descend  below  32°  tiU 
the  whole  has  become  ice,  and  yet  it  must  continue  yielding  up 
heat  at  the  same  rate  as  before.  There  must  therefore  be 
mthin  it  a continued  supply  of  heat  to  keep  it  up  to  this  fixed 
point:  the  moment  the  whole  becomes  concrete,  the  tempe- 
rature will  begin  to  sink,  and  will  soon  reach  that  of  the  sur- 
rounding objects  and  medium.  The  thawing  of  ide  and  snow 
thus  becomes  a gradual  process;  and  without  such  a provision 
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sudden  and  devastating  floods  would  accompany  the  breaking 
up  of  winter  in  the  polar  and  temperate  climates. 

§ 177*  Similar  phenomena  are  ohsen'^able  in  all  cases  of 
liquefaction;  and  we  can  produce  artificial  cold  often  of  great 
intensity  by  the  rapid  solution  of  certain  saline  bodies  in  water; 
upon  this  principle  the  action  of  freezing  mixtures  depends, 
which  are  often  applied  economically  to  the  purpose  of  cooling 
beverages  in  hot  climates.  The  mere  solution  of  nitre  alone 
will  lower  the  temperature  of  water  at  50°  to  35°,  and  four 
ounces  of  nitrate  of  ammonia,  with  four  ounces  of  carbonate  of 
soda,  dissolved  in  fo\ir  ounces  of  water  at  60°,  will  in  three 
hours  freeze  ten  ounces  of  water  in  a metallic  vessel  immersed 
in  the  mixture  whilst  the  solution  is  in  progress.  A mixture 
of  equal  parts  of  snow,  or  pounded  ice  and  common  salt,  will 
sink  the  thermometer  from  32°  to  0°,  or  the  point  from  which 
Fahrenheit  commenced  his  thermometric  scale,  upon  the  mis- 
taken notion  that  he  had  obtained  the  absolute  zero  of  heat. 
It  is  this  mixture  which  is  commonly  employed  for  freezing 
cream.  From  the  rapidity  with  which  salt  and  ice  react  upon 
one  another  and  produce  liquefaction,  salt  is  often  strewed 
upon  the  pavement  of  the  streets  when  they  become  incrusted 
with  hardened  snow,  and  it  is  then  easily  removed.  The 
thawing  of  the  ice  by  the  production  of  a greater  degree  of  cold, 
might  appear  paradoxical  to  those  who  have  not  properly 
considered  the  steps  of  the  process. 

A mixture  of  three  parts  of  muriate  of  lime  and  two  parts 
of  snow,  will  sink  the  thermometer  from  32°  to  — 50°,  a degree 
of  cold  sufficiently  intense  to  freeze  quicksilver.  To  produce 
the  maximum  effect,  the  salts  should  be  newly  crystallized, 
reduced  to  a fine  powder,  and  cooled  to  32°,  and  the  vessels  in 
which  the  freezing  mixture  is  made  should  be  very  thin.  The 
mixture  should  also  be  made  as  rapidly  as  possible. 

One  of  the  most  striking  modes  of  illustrating  the  absorption 
of  heat  by  liquefaction,  is  by  the  action  of  metallic  bodies  alone: 
if  207  parts  of  lead,  118  of  tin,  and  284  of  bismuth  be  melted 
together  and  reduced  to  a fine  state  of  division  by  pouring  them 
into  water,  upon  dissolving  the  alloy  in  1617  parts  of  quick- 
silver, a thermometer  immersed  in  the  mixture  wUl  sink  from 
63  to  14,  and  water  may  be  frozen  by  the  process. 

All  liquids  remain  perfectly  fixed  at  the  temperature  of  their 
congealing-points  during  the  process  of  liquefaction,  or  as  long 
as  any  of  the  substance  remains  in  the  solid  form:  their  tern- 
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peratures  cannot  rise,  because  all  the  heat  to  which  they  may 
be  exposed  is  absorbed  and  rendered  latent.  The  use  of  this 
point  in  water  for  the  graduation  of  thermometers  we  have 
already  noticed  (§  139). 


§ 178.  The  following  is  a table  of  the  congealing-points 
of  various  bodies,  including  a range  of  temperature  from  the 
boding  of  water  to  the  freezing  of  mercury,  throughout  which 
the  law  is  maintained: — 


Table  XVIII.  Of  Conyealing-Points. 


Sulphuric  ether 

.-46° 

Acetic  acid  . 

. 50° 

Mercury 

.-39 

Tallow 

. 92 

Oil  of  turpentine 

.-M4 

Wax  . 

. 149 

Water 

. 32 

Sulphur 

. 218 

Olive  oil 

. 36 

The  fusing  or 

congealing-points  of  metals 

in  the  higher 

ranges  of  the  pyrometer,  are  equally  fixed,  and  the  temperature 
of  melting  iron  or  gold  is  invariable  in  the  heat  of  the  most 
powerful  wind  furnace,  so  long  as  any  of  the  metal  remains  in 
the  solid  state. 


Table  XIX.  Congealing -Points  of  Metals. 


Mercury 
Potassium  . 

.-  39' 
. + 136 

Sodium 

. 194 

Bismuth,  lead  and  tin 
alloy 
Tin  . 

} 212 
• 442 

Bismuth  . 

. 476 

Lead  • 

. 612 

Zinc 

. 773° 

Silver 

. 1873 

Copper 

. 1996 

Gold 

. 2016 

Cast  iron  . 

. 2786 

Iron  and  1 , 

, > above 

platinum 

. 3280 

§ 179.  The  quantity  of  heat  absorbed,  or  rendered  latent 
by  the  fusion  of  various  bodies,  is  not  a constant  quantity  for 
all,  but  varies  in  different  bodies  5 this  is  shown  by  the  follow- 
ing results  of  the  experiments  of  Dr.  Irvine: — 

Table  XX.  Latent  Heat  of  Liquids. 


Water 
Sulphur  . 
Spermaceti 
Lead 


. 140° 

. 143.7 

. 145 
. 162 


Bees’ -wax  . 
Zinc  . 

Tin  . 
Bismuth 


175° 

494 

500 

550 


§ 180.  When  liquids,  on  the  contrary,  pass  into  the  solid 
state,  their  latent  heat  becomes  sensible;  water,  by  careful 
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management^  as  Ijy  exposing  it  in  an  undisturbed  atmosphere 
to  a freezing  mixture  with  a little  oil  floating  upon  its  surface, 
may  be  cooled  several  degrees  below  its  freezing-point  without 
solidifying,  but  the  moment  that,  by  agitation  or  other  means, 
it  is  made  to  congeal,  it  rises  to  the  temperature  of  32°. 

A liquid  alloy  of  sodium  and  potassium  may  easily  be  formed 
by  pressing  pieces  of  the  two  metals  together:  if  this  liquid  be 
brought  into  contact  with  some  mercury,  the  amalgam  instantly 
solidifies  and  becomes  very  hard,  and  at  the  same  time  so  much 
heat  is  evolved  as  to  inflame  any  naphtha  which  may  be  present. 
This  forms  a striking  contrast  with  the  experiment  of  the 
liquefaction  of  metals  previously  mentioned  (§  177)* 

If  spirit  of  wine  be  poured  into  a saturated  solution  of 
sulphate  of  potassa,  the  salt  is  instantly  precipitated  in  the  solid 
form,  and  the  temperature  of  the  liquid  rises  so  as  to  become 
sensibly  warm  to  the  hand.  When  water  is  poured  upon 
quick-lime,  a great  degree  of  heat,  and  sometimes  ignition,  is 
produced,  from  the  solidification  which  it  undergoes  in  conse- 
quence of  chemical  combination.  In  short,  congelation  is  at  all 
times  a heating,  and  liquefaction  a cooling,  process  to  all 
surrounding  bodies. 

If  we  pursue  the  relations  of  matter  and  heat  under  the  next 
change  of  physical  condition,  we  shall  find  the  same  laws  main- 
tained in  the  passage  of  a body  from  the  state  of  a liquid  to  that 
of  a vapour,  and  in  the  contrary  operation  of  passing  from  the  aeri- 
form to  the  liquid  condition.  There  is  no  more  clear  and  con- 
vincing mode  of  exemplifying  the  phenomena  than  by  reference 
to  the  common  still  and  worm-tub.  During  the  whole  process 
of  ebullition  in  the  still,  when  once  the  liquid  has  attained  its 
boiling-point, . the  temperature  never  rises  above  that  point: 
notwithstanding  the  constant  action  of  a strong  fire  it  never 
varies,  but  all  the  heat  is  absorbed,  and  fixed  by  the  process  of 
vaporization.  The  water  in  the  worm-tub,  on  the  contrary, 
becomes  hotter  and  hotter  during  the  passage  of  the  vapour 
again  into  the  liquid  state,  and  unless  the  cold  water  were 
constantly  renewed,  the  process  could  not  be  carried  on.  The 
vapour,  in  fact,  acts  the  part  of  a carrier  of  the  heat,  taking  it 
from  the  fire  and  delivering  it  up  to  the  water. 

The  heat  given  off"  by  steam,  during  its  condensation,  is  now 
commonly  applied  to  the  warming  of  buildings,  and  is  at  once 
safe,  salubrious,  and  economical. 
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§ 181.  If  the  process  of  vaporization  had  not  been  thus 
progressive, — if  the  constitution  of  a liquid  had  been  such,  that 
upon  reaching  a certain  temperature  it  would  have  been  at  once 
converted  into  the  aeriform  state, — the  boiling  of  a tea-kettle 
would  have  been  a sendee  of  imminent  danger;  the  whole 
volume  of  water  would  have  at  once  flashed  into  steam,  with 
explosive  violence. 

Such  a danger  is,  in  fact,  incurred  upon  distilling  oil  of 
vitriol,  without  great  caution.  The  specific  heat  of  the  vapour 
of  this  acid  is  very  small,  and  hence,  when  it  begins  to  boil, 
sudden  explosions  of  dense  vapour  rush  forth  from  time  to 
time,  and  the  glass  retort  is  liable  to  be  broken  by  the  con- 
cussion. 

Every  liquid,  when  of  the  same  degree  of  purity,  and  under 
equal  circumstance  of  atmospheric  pressure,  has  one  specific 
point  at  which  it  invariably  boils : — thus,  pure  water  boils  at  21 2°; 
spirits  of  wine,  of  the  specific  gravity  of  .813,  at  173°;  ether 
at  96°,  when  the  pressure  of  the  atmosphere,  as  indicated  by  the 
barometer,  is  thirty  inches:  that  is  to  say,  at  those  respective 
temperatures  their  several  vapours  attain  an  elasticity  equal  to 
that  of  the  incumbent  atmosphere,  and  they  are  enabled  by  the 
slightest  impulse  to  act  upon  the  air  in  mass,  and  to  remove  its 
obstruction  to  their  course. 

We  have  already  alluded  to  the  influence  of  adhesion  upon 
the  boiling-point  of  water  (§  87);  a difference  of  2°  may  thus 
be  produced,  and  water  will  appear  to  boil  at  214°  in  a glass  or 
glazed  porcelain  vessel,  instead  of  212°. 

§ 182.  The  decrease  of  the  atmospheric  pressure  enables 
vapour  of  lower  degrees  of  elasticity  to  overcome  its  resistance, 
and  hence  liquids  boil  at  lower  temperature  when  it  is  dimin- 
ished. Under  the  receiver  of  an  air-pump  water  may  be  made 
to  boil  at  the  temperature  of  32°:  that  is  to  say,  the  pressure 
may  be  reduced  till  the  vapour  of  water  at  that  temperature, 
which  is  of  no  higher  degree  of  elasticity  than  would  be  suffi- 
cient to  support  a column  of  mercury  in  the  barometer  of  0.20 
inches,  would  be  sufficient  to  remove  it,  but  the  full  amount  of 
latent  heat  must  be  absorbed  in  its  passage  into  the  aeriform 
state:  and  as  this  can  be  derived  from  no  exterior  source,  its 
own  free  heat  enters  into  combination. 

If  some  ether  be  placed  under  the  receiver  of  the  air-pump, 
and  an  arrangement  made  by  means  of  a sliding-rod,  by  which 


140 


FREEZING  IN  VACUO. 


a small  flask  of  water,  covered  with  some  bibulous  substance, 
be  alternately  dipped  into  it,  and  removed,  when  the  exhaustion 
is  made  the  ether  will  boil  rapidly,  and  absorbing  the  heat  of 
the  water,  will  cause  it  speedily  to  congeal. 

Mercury  may  even  be  frozen  by  the  same  process,  by 
substituting  sulphuret  of  carbon  for  the  ether.  The  rapid 
evaporation  of  water  is  carried  on  with  the  greatest  facility 
under  diminished  pressure,  especially  if  the  steam  which  is 
formed  be  condensed  during  its  formation,  so  as  to  remove  the 
resistance  of  its  elasticity.  Upon  this  principle  depends  an 
ingenious  mode  of  freezing  water  in  common  atmospheric 
temperatures,  devised  by  the  late  Sir  John  Leslie.  For  this 
purpose  some  substance  which  rapidly  absorbs  the  vapour  of 
water,  such  as  oil  of  vitriol,  (dried  basaltic  rock,  or  dried 
oatmeal,  will  answer  the  purpose,)  is  placed  in  a flat  dish  upon 
the  plate  of  the  air-pump ; over  this  is  supported  upon  a glass 
trivet  a capsule  of  glass,  containing  a little  water,  and  a debcate 
thermometer,  and  the  whole  is  covered  with  a low  glass  receiver; 
when  the  vacuum  is  made,  a very  instructive  series  of  pheno- 
mena ensue.  The  water  is  speedily  seen  to  boil,  or  give  out 
large  bubbles  of  steam,  and  the  thermometer  begins  to  fall 
very  rapidly,  denoting  that  the  free  heat,  or  heat  of  temperature, 
is  rapidly  absorbed  during  the  process  of  vaporization.  This  steam 
is  instantly  absorbed  by  the  oil  of  vitriol,  which  becomes  hot  by 
the  evolution  of  the  latent  heat  of  the  steam  during  its  return 
to  the  liquid  state,  and  in  a short  time  the  whole  remainder  of 
the  water  is  converted  into  a cake  of  ice  (41). 

Another  beautiful  illustration  of  the  same  principle  is 
afforded  by  a little  apparatus  of  the  late  Dr.  Wollaston,  which 


(41)  A is  the  glass 
dish  which  contains 
the  acid;  n the  trivet 
supporting  the  glass 
capsule,  B,  three  parts 
filled  with  water;  and 
c the  thermometer,  to 
show  the  progress  of 
the  refrigeration. 
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was  named  by  him  the  C7'yophorus,  or  frost-bearer.  It  consists  of 
tn'o  bulbs  of  glass,  connected  together  by  a long  stem  of  glass, 
and  containing  water.  The  water  is  boiled  in  one  of  the  bulbs 
till  the  included  air  is  expelled  by  the  generated  steam,  through 
a small  aperture  in  the  other  bulb,  which  is  then  sealed  at  a 
lamp;  when  cool,  the  pressxire  of  the  included  steam  is  reduced 
to  that  due  to  the  temperature  of  the  air:  if  the  empty  bulb  be 
now  surrounded  with  a freezing  mixture  of  snow  and  salt,  its 
elasticity  again  falls,  and  rapid  evaporation  takes  place  from  the 
water  in  the  distant  ball,  which  is  soon  converted  into  ice  by  the 
rapid  abstraction  of  its  heat  of  temperature  (42). 

§ 183.  The  rapid  evaporation  of  water  at  low  tempera- 
tures, under  diminished  pressure,  has  been  taken  advantage  of 
in  the  arts,  in  certain  processes  where  vegetable  products  are 
liable  to  injury  from  exposure  to  high  temperatures.  Thus  the 
manufacture  of  sugar  has  been  improved  in  the  process  of  Mr. 
Howard,  by  which  the  boiling  of  the  syrup  is  carried  on  in  close 
pans,  from  which  the  air  is  extracted  by  means  of  the  air- 
pump:  and  the  preparation  of  vegetable  extracts  is  effected 
wdthout  any  danger  of  burning,  by  Mr.  Barry’s  process,  in  close 
vessels  from  which  the  air  is  expelled  by  steam,  the  elasticity  of 
•which  is  afterwards  reduced  by  cold  water.  The  distillation  of 
spirits  is  also  effected  by  similar  means,  without  the  danger  of 
imparting  an  empyreumatic  flavour  to  the  products.  As  a 
mode  of  exsiccation  it  is  often  employed  in  chemical  experi- 
ments, by  placing  the  substance  to  be  freed  from  water  under 
the  receiver  of  an  air-pump  with  some  oil  of  vitriol. 

(42)  This  figure  represents  the  cryophorus,  arranged  for  the 
experiment,  with  one  of  its  balls  immersed  in  the  freezing  mixture. 
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§ 184.  In  consequence  of  the  diminished  elasticitj’’  of  the 
air  in  the  upper  regions  of  the  atmosphere,  the  boiling-point  of 
liquids  is  lower  on  the  tops  of  mountains  than  at  their  bases; 
and  water  boils  at  the  summit  of  Mont  Blanc,  at  the  tempera- 
ture of  187°.  The  late  Archdeacon  Wollaston  invented  an 
apparatus  upon  this  principle,  which  is  applicable  to  the  mea- 
surement of  heights.  It  consists  of  a mercurial  thermometer, 
with  a very  large  bulb,  dipping  into  a small  portable  boiler, 
which  is  readily  heated  by  a spirit-lamp.  By  means  of  a 
vernier  the  1000th  part  of  a degree  may  be  read  off  upon  the 
scale;  and  although  such  a thermometer  would  but  slowly 
follow,  and  imperfectly  indicate  changes  of  atmospheric  tempe- 
rature, in  consequence  of  the  large  quantity  of  the  mercury  to 
be  heated,  the  permanency  of  the  boiling-point  of  water  easily 
permits  of  its  being  exposed  to  it  for  a sufficient  time  to  ensure 
its  full  effect.  He  found  that  a difference  of  barometric  pressure 
of  0.589  inches,  was  equAalent  to  1°  in  the  boiling-point,  or 
530  feet  of  ascent;  and  that  the  difference  of  the  height  of  a 
[ft]  common  table  from  the  ground 

i would  produce  a difference  in  the 

boihng-point,  which  was  clearly 
indicated  by  the  instrument. 


§ 185.  It  follows  from  the 
principles  which  we  have  just  estab- 
lished, that  under  a pressure  greater 
than  that  of  the  atmosphere,  liquids 
must  require  a higher  temperature 
to  make  them  boil, — to  make  them 


generate  vapour  of  a force  equi- 
valent to  that  pressure.  Thus  at 
the  bottom  of  a deep  mine  the 
boiling-point  of  water  will  be  found 

(43)  a is  the  strong  brass  globe, 
composed  of  two  hemispheres  screwed 
together  with  flanches;  b is  the  bai'O- 
meter-tube  passing  through  the  steam- 
tight  collar;  c is  the  thermometer, 
graduated  to  400°,  and  also  passing 
through  a steam-tight  collar;  d is  a 
stop-cock,  and  e a spirit-lamp.  The 
whole  is  supported  upon  the  brass 
stand, /] 
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to  be  raised,  and  if  we  artificially  condense  air  upon  the  surface 
of  water,  its  temperature  must  be  proportionately  exalted  before 
it  will  boil.  The  pressure  of  its  own  vapour,  if  confined,  will 
produce  the  same  result.  If  water  be  inclosed  in  a small  boiler, 
at  the  bottom  of  which  some  quicksilver  is  placed,  into  which 
an  open  barometer-tube  may  be  plunged  after  passing  through  a 
tight  packing-box,  and  the  bulb  of  a thermometer  be  immersed 
in  the  water  through  a similar  packing-box,  it  may  be  made  to 
boil.  The  steam  being  allowed  to  escape  into  the  air  through 
an  open  stop-cock,  the  thermometer,  under  these  circumstances, 
will  indicate  the  usual  temperature  of  212°  (43).  If  the  stop- 
cock be  then  closed,  the  elastic  force  of  the  confined  steam  will 
gradually  increase ; and,  reacting  upon  the  surfaces  of  the  water 
and  quicksilver,  will  raise  a column  of  the  latter  in  the  baro- 
meter-tube, or  gauge,  which  by  its  height  wiU  measure  the 
elasticity  of  the  rising  vapour : as  the  column  ascends  the  tem- 
perature will  augment,  and  when  it  attains  the  height  of  thirty 
inches,  denoting  that  the  atmospheric  pressure  is  doubled,  the 
thermometer  will  indicate  the  temperature  of  250.5. 

Tlie  subject  has  been  examined  by  a commission  of  the 
Academy  of  Sciences  at  Paris,  at  the  head  of  which  were 
MM.  Dulong  and  Arago;  they  obtained  tlie  results  set  down 
in  the  following  table,  by  actual  experiment,  to  twenty-five 
atmospheres,  or  a pressure  of  375  lbs.  upon  the  square  inch,  and 
extended  it  by  calculation  to  fifty  atmospheres: — 


Table  XXI.  Force  and  Temperature  of  Steam. 


Atmos. 

Temp. 

1 . 

. 212° 

2 . 

. 250.52 

3 . 

. 275.18 

4 . 

. 293.72 

5 . 

. 307.5 

6 . 

. 320.36 

7 . 

. 331.70 

8 . 

. 341.78 

9 . 

. 350.78 

Atmos. 

Temp. 

10  . 

358°.88 

11  . 

. 366.85 

12  . 

. 374.00 

13  . 

. 380.66 

14  . 

. 386.94 

15  . 

. 392.86 

16  . 

. 398.48 

17  . 

. 403.82 

18  . 

. 408.92 

Atmos. 

Temp. 

19  . 

413°.78 

20  . 

. 418.46 

21  . 

. 422.96 

22  . 

. 427.28 

23  . 

. 431.42 

24  . 

. 435.56 

25  . 

. 439.34 

50  . 

. 510.60 

§ 186.  The  solvent  powers  of  water  are  greatly  increased 
by  the  elevation  of  temperature  which  may  be  communicated  to 
it  by  pressure;  and  this  property  was  turned  to  economical 
account  in  Papin’s  digester;  which  consists  of  a boiler,  fitted  by 
means  of  wedges,  with  a close  cover,  in  which  is  a safety-valve. 
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which,  being  loaded  with  weights,  only  yields  when  the  internal 
pressure  exceeds  a certain  amount.  This  apparatus  has  recently 
been  employed  for  the  extraction,  upon  a large  scale,  of  the 
gelatinous  and  albuminous  matter  which  abounds  in  bones, 
and  the  product  has  been  applied  to  the  purposes  of  nutrition. 
As  the  temperature  of  steam  is  always  that  of  the  liquid  pro- 
ducing it,  and  may  be  accurately  regulated  by  the  degree  of  pres- 
sure, high-pressure  steam  is  often  applied  with  great  advantage 
when  a steady  heat  may  be  required. 


§ 187.  The  following  is  a table  of  the  boiling-points 
of  several  liquids,  under  a mean  barometric  pressure  of  .SO 
inches: — 


Table  XXII.  Of  the  Boiling-Points  of  Liquids. 


Fahren. 

Ether,  sp.  gr.,  0.736,  at  48°  . 100 
Sulphuret  of  Carbon  . .113 

Alcohol,  sp.  gravity  0.813  . 173.5 
Nitric  acid,  sp.  gr.  1.500  . 210 


Fahren. 

Water  ....  212 
Oil  of  turpentine  . .316 

Sulphuric  acid,  sp.  gr.  1.848  600 
Mercury  ....  655 


§ 188.  Having  seen  that  a large  quantity  of  heat  is 
absorbed,  or  becomes  latent,  in  the  passage  of  a liquid  to  the 
aeriform  state,  and  is  again  given  out  by  its  recondensation,  it 
becomes  an  interesting  subject  of  inquiry,  to  ascertain  the 
quantity  which  thus  enters  into  combination.  Dr.  Black  ap- 
proximatively  determined  this  for  water  by  a very  simple  expe- 
riment. He  placed  a cylindrical  flat-bottomed  vessel  of  tin- 
plate, containing  a measure  of  water  at  50°,  upon  an  iron-plate, 
which  was  kept  heated.  He  noted  that  in  four  minutes  the 
water  began  to  boil,  and  in  twenty  minutes  after  the  whole  had 
evaporated.  In  four  minutes,  therefore,  the  water  had  received 
an  augmentation  of  temperature  of  162°,  or  40+°  in  each  minute, 
by  which  it  was  carried  up  to  its  point  of  ebullition;  calcu- 
lating that  the  heat  continued  to  enter  the  water  at  the  same 
rate  during  the  whole  time  of  boiling  away,  he  concluded  that 
810°  (or  40^  X 20)  was  carried  off,  and  became  latent  in  the 
steam.  Dr.  Henry  contrived  an  apparatus  by  which  the  expe- 
riment may  be  made  with  much  greater  precision.  It  consists 
of  a close  boiler,  with  a thermometer,  from  which  a bent  tube 
proceeds,  which  may  be  made  to  dip  into  a measured  quantity 
of  water  in  another  vessel,  and  in  which  the  steam  may  be  con- 
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densed  (44) . Supposing  the  latent  heat  of  steam  to  be  900°,  a 
quarter  of  a pint  of  water  raised  to  steam  in  the  boiler,  would, 
by  recondensation  into  water,  raise  the  temperature  of  an  equal 
quantity  in  the  condenser  900°,  if  it  were  possible,  or  what  is 
equivalent  to  this,  ten  quarter-pints,  or  2^  pints,  90°,  which 
result  is  easily  obtained.  One  gallon  of  water,  converted  into 
steam  at  the  ordinary  pressure  of  the  atmosphere,  will  by  con- 
densation raise  five  gallons  and  a half  of  ice-cold  water  to  the 
boiling-point.  The  best  and  most  careful  experiments  agree  in 
fixing  the  latent  heat  of  steam  between  900°  and  1000°. 

§ 189.  The  latent  heat  of  different  vapours  differs,  as  we 
have  foimd  the  heat  of  fluidity  to  differ,  in  various  liquids. 
The  following  is  a table  of  the  latent  heat  of  steam  and  some 
other  vapours,  by  Dr.  Ure: — 

Table  XXIII.  Latent  Heat  of  Vapours. 


Vapour 

of  Water,  at  212° 

. 1000° 

99 

Alcohol  . 

. 457 

99 

Ether 

. 312.9 

99 

Oil  of  turpentine 

. 183.8 

99 

Nitric  acid 

. 550 

99 

Ammonia 

. 865.9 

99 

Vinegar  . 

. 903 

(44)  a is  the  copper  boiler  in  which  the  measure  of  water  is 
placed,  d is  a thermometer  plunged  into  the  same,  c is  a stop-cock,  b 
is  another  stop-cock  opening  a communication  with  the  bent  tube,  e f 
plunged  beneath  the  surface  of  the  measured  water  in  another  vessel, 
the  temperature  of  which  is  to  be  raised  by  the  condensation  of  the 
steam. 
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§ 190.  The  density  of  steam  {i.  e.,  the  weight  of  a given 
volume)  increases  directly  as  its  elastic  force,  upon  the  same 
principle  that  the  density  of  air  increases  with  the  pressure  to 
which  it  is  exposed;  and  the  same  weight  of  steam  contains, 
whatever  its  density  may  be,  the  same  quantity  of  heat;  its 
latent  heat  being  increased  in  proportion  as  its  sensible  heat  is 
diminished  or  absorbed.  The  principle  admits  of  explanation 
by  the  following  supposition: — Let  us  imagine  that  in  a cylinder 
furnished  with  a piston,  we  have  a certain  quantity  of  steam, 
and  that  it  is  suddenly  compressed  by  a stroke  of  the  piston  into 
half  its  bulk,  without  being  reduced  to  the  liquid  state;  it  would 
acquire  double  elasticity,  and  its  temperature  would  be  increased. 
If  we  either  suppose  the  cylinder  incapable  of  transmitting  heat, 
or  take  the  moment  instantly  following  the  compression,  before 
any  heat  has  had  time  to  escape,  it  must  be  evident  that  the 
sensible  and  latent  heat  together,  before  the  compression,  are 
precisely  equal  to  the  sensible  and  latent  heat,  after  the  com- 
pression; but  in  the  dense  steam  the  sensible  heat  is  increased, 
and  the  latent  heat  diminished  by  equal  quantities.  Reversing 
this  imaginary  experiment,  if  we  suppose  only  half  the  cylinder 
to  contain  steam  at  212°,  and  the  piston  to  be  suddenly  raised 
so  as  to  double  its  volume,  the  density  of  course  will  be  reduced 
to  half,  and  its  temperature  will  fall;  but  its  sensible  and  latent 
heat  together  will  remain  unchanged. 

The  fact  was  long  ago  experimentally  determined  by  Mr. 
Watt;  but  the  experiments  of  MM.  Clement  and  Desormes 
present  us  vrith  the  following  more  accurate  results: — 

A certain  weight  of  steam  at  212°, 

condensed  at  32°,  gives  out  . 180°  Sensible  heat. 

950  Latent. 

1130 


The  same  weight  at  250°  . . 218°  Sensible. 

912  Latent. 
1130 


The  same  weight  at  100°  . . 68°  Sensible. 

1062  Latent. 

1130 


M.  Despretz  ascertained  that  the  same  law  holds  good  with 
other  vapours. 
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§191.  When  water  is  converted  into  steam,  it  undergoes 
a much  greater  expansion  of  volume  than  any  other  liquid 
hitherto  examined.  It  expands  eight  times  as  much  as  sul- 
phuric ether,  and  nearly  three  times  and  a half  as  much  as 
alcohol.  Thus  the  vapours  of  ether  and  alcohol  are  heavier 
than  that  of  water,  although  the  former,  in  their  liquid  states, 
are  lighter  than  the  latter.  The  increase  of  volume  which  cer- 
tain of  the  commoner  liquids  undergo,  when  converted  into 
vapour  of  the  ordinary  elasticity  of  the  air,  is  set  down  in  the 
following  table: — 

Table  XXIV.  Of  the  Increase  of  Volume  from  Vaporization. 

1 cubic  foot  of  water  = 1689  cubic  feet  of  vapour. 

1 cubic  foot  of  alcohol  493.5  „ 

1 cubic  foot  of  ether  =212.18  „ 

1 cubic  foot  of 


§ 192.  It  has  sometimes  been  hastily  concluded,  from 
the  less  latent  and  sensible  heat  of  the  vapours  of  alcohol, 
ether,  and  turpentine,  that  they  might  be  used  advantageously 
as  generators  of  mechanical  force,  instead  of  the  steam  of  water; 
but  in  this  case  their  comparatively  small  expansion  has  been 
overlooked.  Their  cost  in  fuel  would  be  proportionate  to  the 
latent  heat  of  equal  volumes. 


A cubic  foot  of  water  yields  1700  cubic  ft.  . . = 1000° 

A cubic  foot  of  alcohol  jdelds  493  cubic  ft.  = 457° 

And  493  cubic  ft.  : 457  ::  1700  : . . . 1575° 

A cubic  foot  of  ether  yields  212  cubic  ft.  = 312° 

And  212  : 312  : : 1700  : . . . 2500° 

A cubic  foot  of  spirits  of  turpentine  yields  ^ 

192  cubic  ft.  . . . . = 183° 

And  192  : 183  ::  1700  : . . . 1620° 

So  that  if  aleohol,  ether,  and  spirits  of  turpentine  could  be 
procured  for  nothing,  it  still  would  be  much  cheaper  to  employ 
water  for  the  generation  of  steam  for  the  purpose  of  obtaining 
mechanical  power. 

§ 193.  A remarkable  fact  has  been  observed  respecting 
steam  of  great  elasticity,  viz.,  that  when  suffered  to  escape  sud- 
denly from  a cock  or  small  aperture  in  the  boiler,  the  hand  may 


of  turpentiuc 


Latent  Heat. 


L 2 


148 


STEAM-ENGINE. 


be  held  close  to  the  orifice  from  which  it  is  rushing  violently, 
without  being  scalded  by  it,  though  common  experience  has 
taught  most  persons  that  steam  of  ordinary  density  scalds 
severely  under  similar  circumstances.  A part  of  this  dimi- 
nution of  temperature  may  be  owing  to  the  sudden  expansion 
which  the  steam  undergoes  when  released  from  confinement, 
and  which  probably  absorbs  a portion  of  the  heat  evolved 
during  its  return  to  the  liquid  state;  but  its  chief  cause  is  its 
sudden  and  forcible  mixture  with  cold  air  at  its  first  rush.  A 
large  quantity  of  air  is  thus  violently  drawn  along  with  it  in  its 
course.  Dr.  Young  long  ago  proved  that  a stream  of  air,  or 
vapour,  or  smoke,  issuing  gradually  into  the  atmosphere,  pene- 
trates further  in  an  unbroken  column  than  a stream  issuing 
with  violence;  in  the  latter  case  the  elastic  fluids  become  imme- 
diately mixed,  from  the  violent  action  and  reaction  which  takes 
place. 

The  working  of  the  steam-engine  depends  upon  the  elastic 
force  of  steam,  communicated  by  heat,  and  the  instantaneous 
annihilation  of  that  force  by  cold.  The  first  principles  of  this 
machine  are  prettily  illustrated  by  the  simple  apparatus  of 
Dr.  Wollaston,  which  we  have  already  described  (§  66). 

§ 194.  Vapour,  however,  is  not  only  formed  from  liquids 
at  their  boiling-points  under  the  pressure  of  the  air,  and  at 
lower  temperatures  when  that  pressure  is  lessened  or  removed, 
but  is  constantly  rising  from  their  surfaces  in  the  progress  of 
spontaneous  evaporation.  Common  experience  has  taught  every 
one  that  water  evaporates  into  the  atmosphere  at  all  tempe- 
ratures, however  low,  and  the  same  process  takes  place  with 
other  liquids.  Dr.  Faraday  has,  indeed,  shown  that  vapour 
rises  from  mercury  at  common  temperatures  at  least  from  60° 
upwards,  although  its  elasticity  is  so  very  low,  as  not  sensibly 
to  depress  the  height  of  the  mercurial  column  in  the  barometer. 
He  placed  some  quicksilver  in  the  bottom  of  a glass  phial,  to 
the  stopper  of  which  he  attached  a piece  of  gold-leaf  which 
speedily  became  white,  from  the  amalgamation  of  the  gold  with 
the  vapour  which  rose.  If  five  barometers  be  prepared  for  the 
purpose,  and  a little  water  be  thrown  up  into  the  air-free  space 
of  the  first,  a little  alcohol  in  the  second,  ether  into  the  third, 
and  sulphuret  of  carbon  into  the  fourth,  each  column  will  be 
depressed  by  the  elastic  force  of  the  vapour  of  each  liquid  at  the 
existing  temperature  of  the  air;  and  the  amount  of  the  depres- 
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sion  may  be  determined  by  comparison  with  the  column  of  the 
fifth  barometer,  into  the  vacuum  of  which  no  liquid  has  been 
introduced.  The  tension  of  the  vapours  increases  with  the 
temperature,  provided  the  whole  space  in  which  they  are  dif- 
fused be  heated  to  an  equal  degree;  but  by  heating  the  liquids, 
by  the  warmth  of  the  hand  or  otherwise,  they  may  be  made  to 
boil,  without  increasing  the  elasticity  of  the  vapours,  which  are 
condensed  as  soon  as  formed.  The  following  table  exhibits 
the  force  and  the  weight  of  a cubic  foot  of  steam  at  different 
temperatures : — 

Table  XXV.  Of  the  Force  and  Weight  of  Steam  at  dijferent 

Temperatures. 


Temperatures. 

Inches  of  Mercury. 

Weight  of  Cubic  Foot. 

32° 

0.216 

Grains. 

2.53 

40 

0.280 

3.23 

50 

0.400 

4.53 

60 

0.560 

6.22 

70 

0.770 

8.39 

80 

1.060 

11.33 

90 

1.430 

15.00 

212 

30.000 

257.218 

Liquids  thus  lose  their  cohesion  but  retain  their  gravity;  as 
may  be  shown  by  the  vapour  of  ether,  which  will  rise  from  the 
bottom  of  a jar  which  contains  the  liquid,  but  immediately  faU 
to  the  ground  as  it  overflows. 

§ 195.  Evaporation  to  the  same  degree  takes  place 
under  the  pressure  of  the  atmosphere,  but  is  entirely  confined  to 
the  surface  of  the  liquid,  and  is  therefore  proportional  to  the 
surface : if  the  surface  of  water  be  covered  with  oil,  its  evapor- 
ation is  altogether  stopped.  In  some  places  on  the  south  coast 
of  England,  as  in  the  Isle  of  Wight,  sea-salt  is  obtained  by 
allowing  sea-water  to  evaporate  spontaneously  in  large  tanks; 
the  process  is  afterwards  completed  by  boiling  down  the  brine 
which  has  thus  been  concentrated.  In  parts  of  Germany  the 
same  process  is  carried  on  with  saline  springs;  but  the  evapor- 
ating surface  is  largely  increased  by  pumping  up  the  water  to  a 
great  height,  and  then  suffering  it  to  percolate  through  immense 
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stacks  of  brush-wood  faggots.  Evaporation  does  not  proceed 
so  rapidly  when  the  air  is  still  as  when  it  is  agitated  by  a brisk 
wind;  and  the  more  rapid  the  current  of  air  the  more  rapidly, 
ceteris  paribus,  does  the  water  disappear.  When  the  air  is 
calm,  the  vapour  as  it  forms,  rises  perpendicularly  but  rests 
upon  the  surface  of  the  water;  and  it  is  the  pressure  of  its  own 
vapour  upon  the  surface  of  a liquid,  and  not  the  pressure  of 
the  gaseous  atmosphere,  which  puts  a stop  to  the  process  of 
diffusion. 

§ 196.  The  rate  of  evaporation  increases  also  with  the 
temperature,  and  the  elastic  force  of  the  vapour  given  off, 
increases  in  a geometrical  progression  with  equal  increments  of 
sensible  heat.  The  following  is  a Table  of  the  force  of  vapour 
at  different  temperatures,  and  the  rate  of  evaporation  per 
minute  from  a circular  surface  six  inches  in  diameter,  according 
to  the  experiments  of  Dr.  Dalton: — 


Table  XXVI.  Of  the  Force  of  Vapour  and  Rate  of 
Evaporation  per  Minute. 


Temp.  Fahr. 

Force. 

Calm. 

Breeze. 

HigliWind. 

Ins.  of  Merc. 

Gre. 

Grs. 

Grs. 

212° 

30.000 

120.00 

154.00 

189.00 

85 

1.235 

4.92 

6.49 

8.04 

7*5 

0.906 

3.65 

4.68 

5.72 

65 

0.657 

2.62 

3.37 

4.12 

55 

0.476 

1.90 

2.43 

2.98 

45 

0.340 

1.36 

1.75 

2.13 

35 

0.240 

0.95 

1.22 

1.49 

25 

0.170 

0.67 

0.86 

1.05 

These  amounts  of  evaporation  are,  however,  only  maintained 
when  the  incumbent  air  is  perfectly  dry;  when  no  vapour  ]>re- 
exists  in  it.  If  vapour  be  already  present,  as  is  always  the  case 
in  the  atmosphere  of  this  climate,  the  quantity  capable  of 
evaporating  at  any  given  temperature  will  be  the  quantity  indi- 
cated in  the  table,  diminished  by  the  quantity  already  incum- 
bent upon  the  water. 

From  some  .experiments  which  were  made  by  the  author* 
with  great  care,  it  appears  that  in  air  in  a confined  space  kept 
perfectly  dry  by  a surface  of  sulphuric  acid,  the  evaporation  is 
• Meteorological  Essays,  2ucl  Ed.,  p.  492. 
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very  considerably  less  than  that  represented  in  the  above  table, 
and  for  the  temperature  of  45°  does  not  exceed  0.203  grains  per 
minute  from  a surface  of  six  inches  in  diameter.  This  is 
equivalent  to  the  following  progression  for  different  temperatures. 


Table  XXVII. 


Temperature. 

85 

75 

t!5 

55 

45 

35 

25 


Of  Evaporation  in  Dry  Air  in  a Confined 


Space. 

Inches  of  Mercury. 

Grs. 

1.235 

0.737 

0.906 

0.541 

0.657 

0.392 

0.476 

0.284 

0.340 

0.203 

0.240 

0.057 

0.170 

0.040 

The  cUfference  is  doubtless  o-wing  to  the  convective  power 
of  the  air,  which  is  not  only  exerted  when  its  motions  constitute 
vdnd,  as  seen  in  Dr.  DaltoiTs  table,  but  also  in  that  kind  of 
insensible  circulation  which  is  always  established  when  its 
specific  gravity  is  affected,  and  which  is  almost  annihilated  in 
the  confined  space  of  an  air  jar. 

The  amount  of  evaporation  is  also  inversely  proportional  to 
the  pressure  of  the  atmosphere  in  which  the  process  is  carried 
on,  as  may  be  concluded  from  the  following  table  of  results 
obtained  in  tbe  same  series  of  experiments.  The  evaporating 
surface  was  a circular  surface  of  2.7  inches  diameter,  and  the 
time  of  each  experiment  half  an  hour. 

Table  XXVIII.  Table  of  Evaporation  at  different  Pressures. 


Pressure. 

Ins. 

Grains. 

Pressure. 

Ins. 

Grains. 

30.4 

1.24 

1.9 

15.92 

15.2 

2.97 

0.95 

29,33 

7.6 

5.68 

0.47 

50.74 

3.8 

9.12 

0.07 

112.22 

§ 197.  Various  instruments  have  been  invented  for 
measuring  the  quantity  of  vapour  existing  at  any  time  in  the 
atmosphere;  or  its  relative  degrees  of  dampness  and  dryness: 
they  have  been  denominated  hygroscopes  and  hygrometers. 
Many  of  them,  as  already  noticed  (§  88),  are  founded  upon  the 
property  which  certain  substances  possess  of  imbibing  vapour 
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under  the  force  of  heterogeneous  adhesion,  and  having  their 
dimensions  thereby  altered.  Upon  the  most  celebrated  of  these, 
that  of  De  Saussure  (fig.  23),  an  enormous  amount  of  labour  has 
been  bestowed  both  by  its  inventor  and  by  M.  Gay  Lussac,  to 
render  the  observations  with  it  comparable  like  the  degrees  of 
the  thermometer,  and  to  calculate  the  real  amount  of  moisture 
which  the  equal  degrees  indicate.  But  it  is  liable  to  con- 
siderable uncertainty  in  its  construction,  and  infallibly  becomes 
deteriorated  by  time;  its  use  has  been  discontinued  except  at 
the  Paris  Observatory,  and  more  certain  means  have  been  sub- 
stituted for  measuring  the  hygrometric  state  of  the  atmosphere. 

M.  Le  Roi,  and  afterwards  Dr.  Dalton,  adopted  a very 
simple  and  accurate  method  of  determining  the  elastic  force  of 
vapour  at  any  time  existing  in  the  air.  It  is  founded  upon  the 
well-known  property  that  the  moisture  of  the  atmosphere  wiU 
condense  itself  upon  the  surface  of  a colder  body  in  contact 
with  it. 

When  a bottle  of  wine  is  brought  from  a cool  cellar,  or  a 
glass  on  a summer’s  day  is  filled  with  water  fresh  drawn  from 
a deep  well,  it  becomes  dewed  upon  the  surface.  By  pouring 
such  cool  water  into  another  glass,  then  carefully  diydng  the 
surface  of  the  first,  and  returning  it,  and  repeating  the  operation 
as  often  as  may  be  necessary,  the  water  becomes  slowly  warmer, 
and  Dr.  Dalton  carefully  marked  with  a delicate  thermometer 
the  temperature  at  which  the  dew  just  ceased  to  form,  and  this 
he  appropriately  denominated  the  dew-point.  It  is  in  fact  the 
temperature  of  water  which  would  yield  vapour  of  the  precise 
elasticity  of  that  upon  which  the  observation  is  made;  and  all 
the  relations  of  such  vapour  being  known,  the  observation  is 
applicable,  vdth  certainty,  to  the  determination  of  every 
question  that  can  be  proposed  concerning  it.  Even  in  vdnter- 
time,  or  in  very  dry  situations,  a sufiicient  reduction  of  tempe- 
rature may  be  produced  in  the  liquid  by  the  frigorific  eftects 
of  the  solution  of  salts,  to  produce  the  effect  of  precipitation. 
The  observation  is  rendered  more  precise  by  using  small  bright 
metallic  vessels,  upon  the  cool  surface  of  which  the  dew  is  most 
visible. 


§ 198.  To  facilitate  the  observation  of  the  dew-point  the 
author  some  years  ago,  contrived  a hygrometer  which  has  been 
extensively  used  in  every  part  of  the  globe  with  certainty  and 
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advantage*.  It  consists  of  two  small  glass  bulbs,  connected 
together  by  a glass  tube,  bent  twice  at  right  angles  in  the 
manner  of  the  cr^mphorus  (fig.  42).  A very  delicate  thermo- 
meter is  inclosed  in  one  bulb,  which  being  filled  with  ether, 
is  heated  till  the  vapoiu*  issues  with  full  force  from  an  aperture 
in  the  other,  which  is  then  hermetically  closed.  If  the  opera- 
tion has  been  well  performed,  upon  taking  the  bulb  which 
contains  the  liquid  in  the  hand,  after  it  has  cooled  to  the 
temperature  of  the  surrounding  air,  it  wiU  boil,  i.  e.,  vapour  will 
be  abundantly  generated  by  the  heat  of  the  hand,  which  wiU  be 
simidtaneously  condensed  in  the  other  cool  bulb.  The  empty 
bulb  is  then  to  be  covered  with  a piece  of  fine  muslin,  and 
when  ether  is  dropped  upon  it,  the  volatile  liquid  wiU  evaporate 
and  cool  the  covered  bulb.  This  exterior  evaporation  will 
cause  condensation  of  the  internal  vapour,  and  a partial  vacuum  ; 
and  the  ether  included  in  the  further  bulb  will  immediately 
begin  to  evaporate,  and  cool  its  exterior  surface.  The  faU  of 
the  interior  thermometer  will  mark  the  degree  of  the  falling 
temperature,  which  must  be  noted  as  the  dew-point  at  the 
moment  that  a slight  ring  of  dew,  just  coincident  with  the 
surface  of  the  liqtdd,  forms  upon  the  glass  (45).  The  temperature 
will  still  continue  to  fall  some  degrees,  but  a confirmation  of  the 
observation  may  be  obtained  by  observing  the  thermometer 


(45)  The  two  thin  glass  hulbs, 
a and  5,  are  connected  together  hy 
the  bent  tube,  c.  The  arm,  h c, 
contains  the  small  thermometer,  d, 
whose  elongated  bulb  descends  be- 
low the  surface  of  the  ether  in  the 
bulb,  b. 


The  bulb,  n,  is  covered  with  a 
piece  of  muslin.  The  stand,  g h,  is 
of  brass,  and  the  transverse  socket, 
i,  is  made  to  hold  the  glass  tube  in 
the  manner  of  a spring.  A small 
thermometer,  k,  is  inserted  into  the 
pillar  of  the  stand  for  the  purpose 
of  comparing  the  temperature  of  the 
air  with  that  of  the  dew-point. 


* Daniell's  Meteorological  Essays,  p.  139. 
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when  it  again  begins  to  rise,  and  noting  the  degree  at  which  the 
ring  of  dew  again  disappears.  The  tw'^o  observations  seldom 
differ  more  than  a degree  or  two,  and  the  mean  may  he  depended 
upon  as  accurate:  for  the  errors,  if  any,  must  he  in  opposite 
directions. 

§ 199.  By  means  of  the  dew-point  accurately  ascertained, 
many  points  of  the  utmost  interest  to  chemical  and  meteorolo- 
gical science  may  be  determined. 

By  mere  inspection  of  tables  properly  constructed,  we  can 
at  once  determine  the  elasticity  and  density  of  the  aqueous 
vapour — its  weight  in  a cubic  foot  of  the  air — the  degree  of 
dryness  either  upon  the  thermometric  or  the  hygrometric  scale, 
and  the  rate  of  evaporation:  when  the  air  is  saturated,  the 
precipitation  is  instantaneous,  i.  e.,  the  dew-point  coincides 
with  the  temperature  of  the  air.  In  this  country,  the  degree  of 
dryness  measured  in  thermometric  degrees  seldom  reaches  30°, 
that  is  to  say,  the  dew-point  is  seldom  30°  below  the  tempe- 
rature of  the  air,  but  in  the  Deccan,  with  a temperature  of  90°, 
the  dew-point  has  been  seen  as  low  as  29°,  making  the  degree 
of  dryness  61°. 

The  more  accurate  mode,  however,  of  expressing  the  moistm*e 
of  the  air  from  an  observation  of  the  temperature  and  dew-point, 
is  by  the  quotient  of  the  division  of  the  elasticity  of  vaponr  at 
the  real  atmospheric  temperature,  by  the  elasticity  at  the  tem- 
perature of  the  dew-point:  for,  calling  the  term  of  saturation 
1000,  as  the  elasticity  of  vapour  at  the  temperature  of  the  air  is 
to  the  elasticity  of  vapour  at  the  temperature  of  the  dew-point, 
so  is  the  term  of  saturation  to  the  observed  degree  of  moisture. 
Thus,  with  regard  to  the  observation  in  the  Deccan, 

Force  at  90°  Force  at  29° 

1.430  : 0.194  : : 1000  : 135. 

The  fourth  term  is  the  degree  of  moisture  on  the  hygrometric 
scale. 


§ 200.  There  is  another  method  of  estimating  the  oppo- 
site states  of  dryness  and  moisture,  and  that  is  by  measm'ing  the 
degree  of  cold  produced  by  evaporation.  Water  does  not  evapo- 
rate at  all  when  the  air  is  saturated  with  moisture,  i.  e.,  when 
the  incumbent  steam  is  of  the  full  force  of  that  which  is  due  to 
the  temperature;  and  the  freedom  with  which  the  process 
proceeds  at  other  times  is  in  proportion  to  the  dryness  of  the 
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air,  that  is  to  say,  to  the  difference  of  the  force  of  the  existing 
vapour  and  that  which  might  exist  at  the  temperature  of  the 
air.  Dr.  Hutton  was  the  first  to  propose  the  observation  of 
the  dejoression  of  temperature  caused  by  wetting  the  bulb  of  a 
thermometer  as  a measure  of  the  rate  of  evaporation,  and 
consequently  of  drjmess.  Sir  John  Leslie  afterwards  adapted  a 
differential  thermometer  to  the  purpose:  his  hygrometer  con- 
sisted of  a delicate  air  thermometer,  one  of  the  bulbs  of  which 
was  covered  with  muslin  and  was  kept  continually  wet  by  the 
dropping  of  water  from  a vessel  by  its  side.  A scale  was 
adapted  to  it,  to  divide  the  space  which  the  liquid  was  depressed 
by  extreme  drjmess,  into  1000  equal  parts. 

These  degrees  are  arbitrary,  and  the  depression  is  more 
simjjly  expressed  in  degrees  and  fractions  of  a degree  of  the 
thermometric  scale,  and  there  are  many  adaptations  of  the 
thermometer  for  facilitating  the  observation.  The  method  is 
decidedly  superior  to  the  hygrosco|3es 
already  referred  to,  as  correct  data  may 
be  derived  from  it  for  calculating 
the  dew-point  and  the  degrees  of  satura- 
tion ; but  it  requires  corrections  from 
calculation,  for  variations  of  tempera- 
ture, pressure,  &c.,  upon  which  philoso- 
phers and  mathematicians  are  not  5'et 
agreed  (46). 

The  following  formula  of  Dr.  Apjohn  s 
will  give  approximatively  the  elasticity  of 


(46)  The  most  convenient  apparatus  for 
making  this  observation,  is  the  contrivance  of 
Dr.  Mason.  Upon  the  stand  m is  fixed  an 
upright  rod  of  brass,  f,  supporting  the  scale 
J J,  in  the  middle  of  which  a space  is  left  to 
receive  a glass  tube,  a,  formed  on  the  princi- 
ple of  the  bird-fountain,  having  on  each  side 
of  it  a thermometer,  b b.  The  bulbs  of  these 
thermometers  are  covered  with  white  silk,  but 
round  the  stem  of  one,  a thread  of  floss-silk, 
e,  is  attached,  which  terminates  in  the  cup  of 
the  fountain,  c.  This  bulb  being  thus  in  con- 
nexion with  a reservoir  of  water,  is  kept  rvet 
by  capillary  attraction;  and  as  evaporation  is 
constantly  taking  place,  its  temperature  is 
reduced  below  that  of  the  other  bulb. 
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vapour  at  the  dew-point,  as  derived  from  observation  of  the 
wet-bulb  hygrometer : — 


r = f 


88 


X 


P. 

.30 


f"  denotes  the  tension  of  steam  at  the  dew-point. 
y'z=:the  tension  of  steam  at  the  observed  temperature  of  the  air. 
r/=the  depression  of  the  moist  surface. 

88= a coefficient  dependent  upon  the  sp.  heat  of  the  air  and  the 
latent  heat  of  the  vapour. 

_p=the  existing  pressure  of  the  air. 

30=  the  mean  pressure. 


§ 201.  This  property  with  which  water  has  been  endued, 
of  spontaneous  evaporation  at  all  temperatures,  even  below  its 
freezing-point,  is  one  of  the  most  important  in  the  Avhole 
economy  of  nature:  for  upon  it  the  growth  of  plants  and  the 
existence  of  all  living  creatures  upon  the  earth  depends.  The 
vapour  thus  rising  continually,  not  merely  from  the  surface  of 
the  sea,  lakes,  and  rivers,  but  also  from  the  land  in  different 
states  of  moisture,  is  again  condensed  in  the  upper  regions  of 
the  atmosphere,  and  falls  in  the  state  of  hail,  rain,  or  snow. 
Restored  to  the  liquid  state,  it  penetrates  into  the  strata  of  the 
earth,  and  makes  its  way  out  again  in  springs:  these  collecting 
together  constitute  rivers,  which,  under  the  force  of  gravitation, 
descend  to  the  sea,  and  complete  the  grand  process  of  distillation 
and  circulation. 

The  ultimate  processes  of  evaporation  and  condensation 
tend  also  to  that  distribution  of  heat  over  the  globe  which  we 
have  already  noticed  as  so  essential  to  the  well-being  of  the 
organic  creation.  Heat  is  thus  carried  in  its  latent  state  to  the 
upper  regions  of  the  atmosphere,  and  is  there  given  out  in  its 
free  state  by  the  condensation  of  the  steam;  and  upon  this 
silent  and  never  interrupted  process  mainly  depend  the  fluctu- 
ations of  the  aerial  ocean,  which  tend  so  greatly  to  its  salu- 
brity, and  which  produce  the  observed  variations  of  the 
barometer. 


§ 202.  The  cause  of  these  perpetual  oscillations  has  long 
been  a subject  of  investigation  with  philosophers,  and  many 
erroneous  explanations  have  been  given  of  the  phenomena. 
The  problem,  in  all  its  generality,  is  difficult  and  complicated. 
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and  may  scarcely,  perhaps,  be  deemed  to  belong  to  the  depart- 
ment of  chemistr5^  Without,  however,  going  into  the  details 
which  belong  to  meteorological  science,  it  is  desirable  that  an 
accurate  notion  should  be  formed  of  the  true  cause  of  the 
barometric  changes,  to  which  such  constant  reference  must  be 
made  in  many  of  the  most  important  chemical  operations.  It 
has  already  been  pointed  out  (§  167.)  that,  owing  to  the 
unequal  distribution  of  heat  upon  the  surface  of  the  globe,  and 
the  gradual  decrease  of  temperature  from  the  equator  to  the 
poles,  the  elastic  fluids  of  the  atmosphere  must  perpetually 
circulate  between  the  colder  and  the  hotter  points j flowing 
from  the  former  to  the  latter  on  the  surface  of  the  earth,  and 
returning  from  the  latter  to  the  former  in  upper  opposite  currents. 
Now  it  is  clear  that,  if  such  be  the  fact,  the  barometer  weighs 
the  pressure  of  these  two  combined  currents  at  any  given  point; 
and  so  long  as  they  balance  one  another,  that  is  to  say,  so  long 
as  an  equal  quantity  of  air  is  brought  by  one  stream  to  the  base 
of  the  perpendicular  column,  to  that  which  is  carried  off  by  the 
opposite  from  its  summit,  so  long  will  their  combined  pressure 
be  imchanged.  But  should  any  cause,  partially  acting,  check 
the  course  of  one,  without  at  the  same  time  impeding  that  of 
the  other,  the  balance  wiU  be  destroyed,  and  the  barometer,  by 
its  rise  or  fall,  will  mark  the  amount  of  the  disturbance.  Owing 
to  various  causes,  but  chiefly  to  the  unequal  distribution  of  water 
and  land,  the  course  of  the  winds  is  by  no  means  so  regular  as 
assumed  above,  but  this  grand  system  of  compensating  currents 
certainly  results,  although  masked  by  circumstances  in  par- 
ticular regions;  most  of  these,  however,  give  rise  to  minor 
systems  of  compensating  currents,  to  which,  as  concerns  the 
barometer,  the  same  remarks  will  apply.  Any  one,  indeed, 
may  convince  himself  that  such  systems  prevail  in  the  atmo- 
sphere, by  watching  the  progress  of  the  clouds;  and  in  this  way 
he  will  often  be  able  to  detect  more  than  two  such  currents 
existing  together.  Now,  while  he  is  observing  their  courses, 
let  him  for  a moment  suppose  that  the  barometer  is  perfectly 
stationary,  and  then  let  him  imagine  one  of  the  streams  of  air 
before  him  suddenly  checked;  the  others  will  continue  to  flow 
on  for  a time  in  their  primary  direction  from  their  momentum, 
and  in  obedience  to  their  original  impulse,  and  the  barometer,  he 
will  conceive,  must  faU,  because  more  air  is  carried  off  above  it 
than  is  compensated  by  the  current  which  originally  maintained 
the  balance;  and  as  a deficiency  may  l)e  thus  produced  in  one 
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part  of  the  atmosphere,  an  equivalent  accumulation  must  at  the 
same  time  result  in  some  other  part  (47). 

A cause,  quite  competent  to  produce  these  partial  effects, 
exists  in  the  atmosphere  of  steam  mingled  with  the  atmosphere 
of  permanent  gases,  and  which  is  constantly  rising  from  the 
surface  of  the  earth,  varying  in  force  Avith  the  temperature  of  the 
waters  from  which  it  emanates.  This  vapour  rises  unchanged 
and  transparent  till,  in  the  gradually  decreasing  temperature  of 
the  air,  it  arrives  in  the  upper  regions  at  a degree  of  cold  by 
which  it  is  condensed,  and  becoming  visible,  assumes  the  form 
of  clouds.  In  the  act  of  condensation,  however,  an  immense 
quantity  of  heat  is  set  free,  which  v^as  previously  combined 
Avith  the  steam  in  the  latent  form;  and  this  acting  upon  the 
surrounding  air,  whose  specific  heat  is  small,  expands  it,  and 
gives  an  additional  but  unequal  impulse  to  the  current  in  which 
the  process  takes  place.  The  clouds,  again,  are  themseh'es 
subject  to  a new  evaporation,  and  the  vapour  is  carried  to  still 
higher  regions,  where  another  precipitation  takes  place;  till  at 
length  large  masses  of  the  atmosphere  have  the  natural  pro- 
gression of  their  temperature  changed,  and  their  currents 
altered,  or  perhaps  reversed.  The  increased  temperature  of 
the  air  is  accompanied  by  a great  increase  in  the  force  and 
quantity  of  the  steam,  the  final  precipitation  of  Avhich  takes 
place  in  the  form  of  rain,  and  the  atmosphere  returns  to  its 
mean  state  through  the  influence  of  winds  Avhich  restore  the 


(47)  Let  a b c d,\n  the  annexed  diagram,  represent  two  currents 
floAving  in  the  opposite  directions,  indicated  by  the  darts : a barometer 
placed  in  the  loAver  at  g,  Avill  support  the  pressure  of  both,  and 
remain  AA'ithout  oscillating  so  long  as  the  tAvo  cuiTents  remain  un- 
changed. But  if  a partial  expansion  affecting  the  upper  current  alone 
should  urge  it  forvA’ard  on  its  course  on  one  side,  and  check  it  on  the 
other,  an  accumulation  of  the  nature  of  a AA'ave  Avould  take  place  at  5, 
and  a corresponding  deficiency  at  a,  as  indicated  by  the  curve  a b,  and 
Avould  be  accompanied  by  a rise  of  the  barometer  at  e,  and  a corre- 
sponding fall  atj". 
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original  balance.  The  order  of  the  phenomena  corresponds 
with  the  facts  that  the  barometer  is  most  steady  when  the 
weather  is  clear,  and  fluctuates  most  with  clouds  and  rain;  and 
also  explains  the  reason  why,  in  the  greater  disturbances  of  the 
aerial  ocean,  local  deficiencies  of  the  elastic  fluid  are  restored  by 
winds  whose  force  is  generally  proportioned  to  the  vacuum 
which  they  supply*.  A rough  calculation,  founded  upon  pre- 
ceding data,  will  be  sufiicient  to  place  the  amount  of  force  thus 
brought  into  unequal  action  in  a striking  point  of  view. 

'The  latent  heat  of  steam  we  will  take  at  970°:  a pound  of  steam 
wonld  therefore  raise  a pound  of  water  970°.  The  capacity 
of  air  for  heat  compared  with  that  of  water  is  0.2669  : 1. 

The  heat  which  would  raise  one  pound  of  water  1°,  would  there- 
fore raise  a pound  of  air  3°.7. 

One  pound  of  air  is  about  1 1 cubic  feet. 

One  pound  of  steam  would  therefore  raise  3657  cubic  feet  of  air 
10°,  and  cause  it  to  expand  from  32°  to  42°  to  3733  cubic 
feet. 

And  every  pint  of  rain  which  falls  would  indicate  an  equivalent 
expansion. 

§ 203.  The  practical  operations  of  chemistry  often  require 
a correction  to  be  applied  to  the  volume  of  gases  for  moisture, 
as  well  as  for  variations  of  pressure  and  temperature;  for  when 
standing  over  water  they  become  mixed  with  aqueous  vapour  in 
a proportion  dependent  upon  the  temperature,  and  occupying 
the  same  space  as  when  the  gas  is  absent.  The  elastic  force  of 
the  vapour  causes  the  gas  to  expand;  but  this  expansion  is  not 
precisely  similar  to  that  occasioned  by  heat:  for  while  it  dilates 
its  bulk,  it  adds  its  own  weight  to  the  mixture.  By  reference 
to  tables  founded  upon  calc\dation  upon  the  force  and  density 
of  steam  at  different  temperatures,  the  amount  of  the  cor- 
rection may  be  easily  ascertained;  or  it  may  be  more  instructive 
to  calculate  it  from  the  following  data. — 

Suppose  we  found  100  cubic  inches  of  a gas  satixrated  with 
vapour  properly  corrected  for  the  temperature  of  60°,  and  30 
inches  pressure,  to  weigh  34  grains,  and  wished  to  know  the 
equivalent  bulk  and  weight  of  the  dry  gas.  The  observed 
volume  is  partly  due  to  the  expansion  occasioned  by  the 
vapour;  and  this  portion  will  be  in  the  same  proportion  to  the 


* Daniel  I, ’s  Meteorological  Essays,  p.  5.50. 
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whole  as  the  elasticity  of  the  vapour  is  to  the  total  elasticity: 
therefore, 

Elast.  of  Elast.  of 

Air.  Vapour.  Cub.  In.  Cub.  In. 

30.000  : 0.560  : : 100  : 1.86; 

the  volume  of  the  dry  gas  is,  therefore. 

Cub.  In. 

100-1.86=  98.14. 


Now  this  expansion  of  1.86  cubic  inches  may  be  regarded  as  so 
much  vapour  of  the  same  elasticity  as  the  air  diffused  through 
the  whole  space,  and  as  the  specific  gravity  of  such  steam  at 
212°  compared  to  air  is  0.620  : 1.000; 


Sp.  gr.  Sp.  gr. 

' of  Air.  of  Steam.  Grs.  Grs. 

then  1 : 0.620  : : 31  : 19.22  (100  cubic  inches  steam,  at  212°,) 


Cub.  In.  Grs.  Cub.  In.  Grs. 
and  100  : 19.22  : : 1.86  : 0.35; 

which  gives  the  weight  of  the  vapour  to  be  deducted  from  the 
total  weight:  making  the  weight  of  98.14  cubic  inches  of  the 
dry  gas,  . 

34.-0.35,  or  33.65. 


§ 204.  Aerial  fluids  are  commonly  distinguished  into  two 
classes,  viz.,  vapours  and  gases;  but  the  experiments  of  Dr. 
Faraday  have  nearly  annihilated  the  distinction,  and  proved 
that  the  difference  is  one  of  degree  only,  and  not  of  consti- 
tution. In  vapours,  strictly  so  called,  such  as  the  steam  of 
water,  the  latent  heat  is  retained  in  combination  with  very  little 
force;  for  it  abandons  the  water  when  the  vapour  is  exposed  to 
a lower  temperature;  but  in  gases,  the  heat  of  composition  is 
retained  very  forcibly,  and  no  diminution  of  temperature  that 
has  ever  been  produced  can  separate  it  from  some  of  them. 
Dr.  Faraday  has,  however,  succeeded  in  reducing  to  a hquid 
state  many  of  those  substances  which  till  very  recently  were 
considered  as  permanently  elastic  fluids.  His  method  is  to 
generate  them  under  strong  pressure,  by  confining  the  sub- 
stances from  which  the  gases  are  evolved  in  strong  glass  tubes, 
in  which  their  elasticity  is  allowed  to  increase  till  it  forces  their 
particles  within  the  verge  of  cohesive  attraction,  wdien  they 
assume  the  form  of  liquids.  This  operation  he  further  assists 
by  the  application  of  cold  mixtures  to  the  exterior  of  one 
extremity  of  the  tube.  When  thus  produced,  they  continue 
liquid  while  the  pressure  is  kept  up,  but  on  removing  the 
pressure,  instantly  pass  into  the  gaseous  state.  The  same 
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condensation  may  also  be  produced  by  mechanical  force,  and 
considerable  quantities  of  carbonic  acid  were  thus  reduced  to  the 
liquid  state  by  Sir  Isambard  Brunei,  with  the  view  of  applying 
its  expansive  power  as  a mechanical  agent.  The  cold  generated 
by  the  sudden  evaporation  of  these  liquids  is  so  great  as  actually 
to  presence  some  of  the  substances  in  their  liquid  state  under 
the  mere  pressure  of  the  air,  and  carbonic  acid  may  be  even 
frozen  by  the  cold  produced  by  its  own  spontaneous  evapor- 
ation. Sir  Isambard  Brunei  was  the  first  to  observe  this  fact; 
and  the  loss  of  elastic  force  thus  occasioned  w^as,  it  is  believed, 
the  cause  of  giving  up  the  attempt  to  construct  a gas-engine. 

§ 205.  More  recently,  some  very  interesting  results  have 
been  obtained  by  M.  Thilorier,  whose  apparatus  has  been  sim- 
plified and  improved  by  Mr.  C.  Addams  and  Mr.  Everett  (48). 


c 

Q 


A 


(48)  A and  b repre- 
sent two  strong  wrought - 
iron  vessels,  the  former 
being  called  the  generator, 
the  latter  the  receiver ; 
they  are  each  two  feet 
long,  and  four  inches  in- 
ternal diameter,  and  of 
such  strength  as  to  bear 
a proof  of  4000  lbs.  upon 
a square  inch.  The  gene- 
rator A is  furnished  with 
an  axis,  a a,  and  mounted 
upon  a cast-iron  frame, 
so  as  to  admit  of  being 
swung  backwards  and 
forwards.  At  one  end 
of  each  vessel  is  screwed 
a peculiar  valve,  so  con- 
structed as  to  prevent 
leakage  in  the  screw-part 
when  the  valve  is  open. 
The  lower  part  of  the 
central  screw  to  which  the  handle  is  attached  is  formed  into  a cone, 
which,  when  screwed  down,  shuts  up  the  passage  into  the  vessel. 

Tlie  generator  is  simply  a hollow  vessel  within,  but  the  receiver 
has  a slender  pipe,  t t,  open  at  both  ends,  inserted  into  the  valve- 
plug,  and  descending  nearly  to  the  bottom.  To  charge  the  generator, 
6|lbs.  of  water,  at  the  temperature  of  100°,  are  mixed  with  2flbs.  of 

M 
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The  liquid  is  now  prepared  upon  a large  scale,  although  not 
without  risk  on  account  of  the  enormous  increase  of  the  elas- 
ticity of  its  vapour  with  moderate  increments  of  temperature. 
At  32°  its  force  is  about  36  atmospheres,  but  it  rises  to  73 
atmospheres  at  86°,  or  more  than  half  an  atmosphere  (0‘68)  per 
degree.  When  a portion  of  the  liquid  is  forced  into  the  atmo- 
sphere it  evaporates  with  such  rapidity  that  a portion  is  imme- 
diately frozen  into  a snow-like  solid,  affording  a beautiful 
instance  of  the  sudden  and  enormous  absorption  of  heat  when 
a liquid  is  thus  made  to  assume  the  gaseous  state. 

A jet  of  liquid  carbonic  acid  directed  upon  the  bulb  of  a 
spirit  thermometer  will  sink  it  to  130°  below  0:  but  it  does  not 
readily  act  as  a refrigerant  to  other  bodies  because  it  cannot 
easily  be  brought  into  actual  contact  with  them.  Like  the 
liquids  in  the  red-hot  platinum  crucible  already  referred  to 
(§  161),  it  is  surrounded  by  an  atmosphere  of  gaseous  matter, 
whose  low  conducting  power  prevents  the  transmission  of  heat. 
In  consequence  of  this  a piece  of  the  solid  may  be  placed  upon 
the  tongue  without  injury;  although  the  metallic  receiver  in 
which  it  is  contained  will  immediately  raise  a blister  upon  the 
hand  if  placed  in  contact  with  it. 

A mixture  of  liquid  carbonic  acid  and  ether  is  much  more 
efficacious,  on  account  of  the  facility  with  which  it  will  wet 
the  surfaces  of  bodies,  and  when  a little  mercury  is  placed 
in  a saucer,  and  covered  by  solid  carbonic  acid,  the  addition 
of  a few  drops  of  ether  forms  a semi-fluid  mass,  by  contact  with 


bi-carbonate  of  soda,  and  introduced  into  it;  1 fibs,  of  oil  of  vitriol  are 
then  poured  into  a brass  tube,  which  is  passed  through  the  neck  of 
the  generator,  and  placed  upright  in  the  saline  mixture,  as  represented 
in  c.  The  valve-plug  is  now  firmly  screwed  to  the  generator,  and  the 
whole  inverted  and  turned  over  and  over,  hy  which  the  acid  is  com- 
pletely mixed  with  the  carbonate  of  soda.  The  liquid  carbonic  acid 
being  lighter  than  the  saline  solution,  floats  upon  it  wffien  the  vessel  is 
allowed  to  rest;  a connexion  is  then  made  between  the  generator  and 
receiver  by  a strong  union-pipe,  and  the  valves  of  both  vessels  being 
opened,  the  carbonic  acid  passes  by  distillation  into  the  receivty 
which  is  kept  cool  by  ice.  The  valves  are  then  closed,  the  vessels 
separated,  the  contents  of  the  generator  discharged,  and  the  same 
process  of  charging  repeated  many  times. 

Within  the  receiver,  b,  Avhen  charged,  there  is  liquid  carbonic  acid 
below,  and  highly-condensed  gas  above  it:  upon  opening  the  valve, 
the  pressure  of  the  gas  forces  the  liquid  up  the  central  tube,  T T. 
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which  the  metal  is  immediately  frozen.  Ten  pounds  of  mercury 
may  thus  be  solidified  in  less  than  ten  minutes. 

§ 206.  A gas,  then,  may  be  regarded  as  the  vapour  of  a 
liquid  whose  elasticity,  at  ordinary  atmospheric  temperatures,  is 
such,  that  it  is  not  only  equivalent  to  the  pressure  of  the 
ordinary  atmosphere  but  to  that  of  many  atmospheres;  and 
which  would  therefore  boil  under  the  pressure  of  many  atmo- 
spheres, and  cannot  consequently  be  preserved  except  under 
artificial  pressure.  The  pressure  required  to  condense  the 
several  gases  is  recorded  in  the  following  table : — 


Table  XXIX.  Liquefaction  of  Gases. 


Sulphurous  acid  . . 

Pressure  in 
Atmospheres. 

. 2 

Tempen 

Fahren 

45° 

Chlorine  . . . 

. 4 

60 

Cyanogen  . 

. 4 

60 

Ammonia  . 

. 

50 

Sulphuretted  hydrogen  . 

. 17 

50 

Carbonic  acid 

. 36 

32 

Muriatic  acid 

. 40 

50 

Nitrous  oxide 

. 50 

45 

Many  gases  have  hitherto  resisted  the  utmost  degree  of 
compression  and  cold  to  which  it  has  been  practicable  to  expose 
them,  but  from  the  generality  of  the  law,  its  universality  is 
a legitimate  deduction;  and  geologists  are  justified  in  specu- 
lating upon  the  existence  of  the  atmospheric  gases  themselves 
in  a state  of  liquidity,  in  the  fathomless  depths  of  the  earth, 
under  the  enormous  pressures  to  which  they  must  there  be 
necessarily  exposed. 

Some  gases,  however,  though  incoercible,  or  requiring  very 
high  degrees  of  force  to  coerce  them,  by  mechanical  means  and 
cold,  instantly  yield  to  the  force  of  heterogeneous  adhesion,  and 
as  they  become  dissolved  in  water,  give  out  their  latent  heat. 
Thus,  if  a current  of  muriatic  acid  gas  be  passed  into  water, 
it  will  be  rapidly  absorbed,  and  the  temperature  of  the  solution 
will  rise  considerably. 


§ 207.  We  have  seen  that  water  and  other  liquids  gradu- 
ally expand  in  volume  with  increase  of  temperature,  and  that. 
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on  the  other  hand,  steam  and  other  vapours  rapidly  increase  in 
density,  as  the  pressure  and  temperature,  to  which  they  are 
exposed,  augment;  whence  it  is  clear  that,  at  some  particular 
assignable  point,  the  liquid  and  elastic  states  must  coincide,  and 
that  there  must  be  a limit  beyond  which  a liquid,  not\Authstand- 
ing  the  pressure,  ought  to  be  wholly  volatilized,  or  become 
gaseous,  provided  sufficient  space  be  allowed  for  the  expansion. 
M.  Cagniard  de  la  Tour,  reasoning  upon  the  general  facts,  was 
led  to  make  some  interesting  experiments  upon  the  subject. 
A strong  glass  tube,  containing  alcohol  equal  in  bxilk  to  about 
two-fifths  of  its  capacity,  being  hermetically  sealed  and  carefully 
heated,  the  alcohol  was  observed  to  expand,  till  after  haAong 
attained  nearly  double  its  original  volume,  it  suddenly  disap- 
peared; being  converted  into  vapour  so  transparent,  that  the 
tube  appeared  to  be  completely  empty.  Allowing  it  to  cool, 
the  alcohol  was  again  suddenly  converted  into  the  full  volume 
of  liquid.  When  the  proportion  of  alcohol  to  the  capacity  of 
the  tube  was  increased,  the  consequence  was  the  btirsting  of  the 
tube.  Similar  results  were  obtained  with  naphtha  and  ether,  the 
latter  requiring  less  space  than  the  former  for  assuming  the 
complete  elastic  state,  and  the  naphtha  less  space  than  alcohol. 
The  ether  became  gaseous  at  a temperature  of  320°,  and  exerted 
a pressure  of  38  atmospheres;  alcohol  at  404^°,  under  a pressure 
of  129  atmospheres. 

Upon  trying  the  experiment  with  water,  the  glass  tube  broke 
from  its  soh'^ent  power  at  the  high  temperature:  but  when  this 
action  was  prevented  by  the  addition  of  a httle  carbonate  of 
soda  to  the  hquid,  it  became  gaseous  in  a space  four  times  its 
volume  at  the  temperature  at  which  zinc  melts. 

§ 208.  We  have  hitherto  considered  heat  as  inseparable 
from  matter, — differing,  however,  from  other  forces  in  its  slow 
progression  amongst  its  particles, — tending,  indeed,  to  an 
equilibrium,  but  still  capable  of  existing  in  various  degrees  of 
intensity  in  different  parts  of  the  same  mass.  Differing,  again, 
in  the  latent  and  apparently  inactive  state  in  which  it  becomes 
stored  up  in  various  forms  and  kinds  of  matter,  and  from 
which,  though  temporarily  lost  to  our  sensation  and  to  our 
instruments,  it  may  be  again  set  free  in  full  measure  and 
proportion., 

We  have  now  to  contemplate  this  subtle  agent,  detaching 
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itself  from  matter,  and  projecting  itself  tlirough  space  and 
through  various  kinds  of  matter,  with  a velocity  almost  incon- 
ceivable. 

We  recognise  heat  in  this  wonderful  state  from  the  effects 
of  a fire,  or  a heated  body,  at  a distance.  The  warmth  which 
we  feel,  or  the  expansion  which  we  may  observe  under  such 
circumstances,  cannot  be  communicated  by  any  material  par- 
ticles; for  we  may  so  contrive  tbe  experiment,  that  the  air,  the 
only  form  of  matter  which  intervenes,  may  flow  towards  its 
source  instead  of  from  it. 

It  is  also  by  this  new  property  of  radiation,  that  heat  tends 
to  that  state  of  equilibrium  which,  upon  a former  occasion,  we 
found  to  be  partly  established  by  the  processes  of  conduction 
and  convection. 

But  we  recognise  it  in  greatest  perfection  as  projected  from 
the  sun:  in  which  case  it  is  accompanied,  in  all  its  affections,  by 
another  active  influence  of  a still  more  marvellous  constitution, 
which  we  call  light.  These  two  constant  associates  of  the 
sun-beam  radiate  in  all  directions  from  the  glorious  centre  of 
our  system,  and  spread  themselves  through  space  with  an 
intensity  decreasing  like  that  of  gravity  as  the  squares  of  the 
distance. 

Though  associated  together,  however,  these  radiant  forces 
are  not  inseparable:  and  before  we  proceed  to  investigate  the 
laws  of  radiant  heat,  it  wdU  be  most  convenient  to  illustrate 
those  of  light,  with  which  they  are  connected  by  the  strongest 
analogies.  Tlie  visible  phenomena  of  the  latter  may  thus  be 
made  to  illustrate  some  of  the  invisible  relations  of  the  former. 

VIII.  LIGHT 

§ 209.  The  origin  of  that  impression  upon  our  eyes, 
which  excites  in  us  the  sensation  of  light,  is,  like  that  of  heat,  to 
be  traced  to  various  sources.  The  sun  is  the  great  fountain,  not 
only  of  heat  as  we  have  already  remarked,  but  of  this  twin 
emanation  from  it  to  the  earth  and  to  all  the  members  of  the 
solar  system. 

It  emanates,  also,  from  terrestrial  matter  in  different  states 
of  activity.  It  is  thrown  off  when  certain  homogeneous  sub- 
stances act  upon  one  another  by  the  mechanical  force  of  friction; 
thus  when  two  pieces  of  quartz  or  rock-crystal,  or  two  lumps  of 
loaf-sugar,  are  rubbed  together,  they  emit  flashes  of  light  in  a 
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dark  place.  When  bodies  suddenly  change  their  state  under 
the  force  of  crystallization,  flashes  of  light  have  been  also 
observed. 

It  is  generated  in  still  greater  abundance  when  heteroge- 
neous bodies  act  upon  one  another  under  the  force  of  chemical 
affinity;  and  all  the  common  means  of  artificial  illumination  by 
lamps,  candles,  and  gas-hghts,  are  dependent  upon  this  action. 

All  sohd  bodies,  heated  to  a temperature  of  about  800°, 
begin  to  shine  in  the  dark;  and  if  a current  of  air  at  900°,  which 
is  in  itself  non-luminous,  be  made  to  strike  upon  pieces  of  metal, 
earth,  &c.,  it  wiU  speedily  communicate  to  them  the  power  of 
radiating  light. 

The  passage  of  electricity  excites  it  with  a degree  of  inten- 
sity, only  surpassed  by  that  of  the  solar  ray:  and  the  processes 
of  life  are  capable  of  evolving  it,  as  we  see  in  the  glow-worm  and 
the  fire-fly. 

§ 210.  Bodies  in  such  state  of  action  are  called  self- 
luminous;  but  by  far  the  greatest  number  possess  no  such 
property  at  ordinary  temperatures.  All  bodies,  however, 
though  not  luminous  in  themselves,  nor  capable  of  exciting  any 
sensation  in  our  eyes,  become  so  on  being  placed  in  the  presence 
of  a self-luminous  body:  a process  of  secondary  radiation  com- 
mences from  them.  When  a lamp,  for  instance,  is  brought 
' into  a dark  room,  not  only  the  lamp  is  visible,  but  all  the  ob- 
jects in  the  room.  A sunbeam,  again,  admitted  into  a darkened 
chamber,  will  only  illuminate  objects  directly  in  its  course;  but 
if  any  of  these  be  white,  as  a sheet  of  paper,  the  whole  apart- 
ment will  become  illuminated  by  this  secondary  action  or 
radiation.  We  have  this  fact  illustrated  on  the  most  splendid 
scale  of  nature,  in  the  heavenly  bodies. — The  sun  we  have  just 
recognised  as  the  great  self-luminous  source  of  the  system:  the 
moon  and  planets  possess  no  such  inherent  energy;  but  those 
parts  of  them  on  which  the  sun  shines  become  for  the  time 
luminous,  and  perform  all  the  offices  of  self-luminous  bodies. 
Thus  we  perceive  that  the  communication  which  we  call  light, 
subsists  not  only  between  luminous  bodies  and  our  eyes,  but 
between  luminous  and  non-luminous  bodies,  or  between  lumin- 
ous bodies  and  each  other. 

§ 211.  The  investigation  of  the  properties  of  light  con- 
stitutes the  peculiar  province  of  optics;  one  of  the  most 
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splendid  and  perfect  departments  of  experimental  science  which 
the  human  mind  has  explored:  it  lies,  however,  almost  wholly 
out  of  our  present  path;  but,  in  its  relation  to  dilferent 
forms  and  kinds  of  matter,  light  cannot  be  excluded  from  the 
chemist^s  contemplation,  and  it  is  absolutely  necessary  that 
he  should  have  some  acquaintance  with  the  laws  which  govern 
its  action. 

The  phenomena  lend  themselves  so  completely  to  mathe- 
matical investigation, — they  have  alforded  such  ample  scope  for 
the  exercise  of  the  most  splendid  talents,  from  the  times  of 
Newton  and  Euler  to  our  own  times  of  Herschel,  Biot,  Airy, 
and  Brewster, — that  it  seems  almost  sacrilege  to  approach  them 
by  any  other  path.  But  still  the  basis  of  this  science,  as  of  all 
other  branches  of  natural  knowledge,  must  be  experiment;  and 
those  who  are  but  moderately  conversant  with  the  powerful 
resources  of  abstract  science  have  it  in  their  power  to  draw 
information  from  this  source,  and  methodise  it  in  such  a way  as 
may  serve  to  embody  definite,  though  it  may  be  rude,  ideas, 
with  regard  to  this  most  beautiful  of  all  natural  agencies, — ideas 
which  may  be  highly  useful,  though  they  may  differ  from  the 
pohshed  conceptions  of  such  men  as  those  to  whom  we  have 
just  referred,  much  in  the  same  degree  as  light  itself  differs  from 
the  grosser  forms  of  ponderable  matter. 

§ 212.  It  is  not  consistent  with  our  present  design  to 
enter  upon  the  physiological  relations  of  the  subject,  or  to 
describe  the  wonderful  construction  of  the  organ  of  sight;  we 
will  only  remark,  that  the  radiant  force  produces  the  sensation 
of  light  by  striking  against  the  expanded  nerve  of  vision,  the 
retina  of  the  eye;  and  that  the  effect  produced  is  not  merely 
transient,  but  persistent  during  a measurable  interval  of  time. 
The  eye  has  therefore  the  power  of  retaining  visual  impressions 
for  a sensible  period  of  time;  and  in  this  way  recurring  actions, 
made  sufiiciently  near  to  each  other,  are  perceptibly  connected, 
and  made  to  appear  as  a eontinued  impression.  Hence  it  is 
that  the  act  of  winking  with  the  eyelids  forms  no  impediment 
to  correct  vision. 

It  has  been  ascertained  by  experiment  that  the  impression 
which  the  mind  thus  receives  lasts  for  about  the  eighth  part  of 
a second,  but  varies  to  a certain  extent  with  the  intensity  of  the 
light;  so  that  any  point  of  light  revolving  with  a velocity 
sufficient  to  complete  the  circle  within  that  time,  will  not  be 
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seen  as  a fiery  point,  but  as  a fiery  circle;  the  impression  made 
by  it  in  every  part  of  its  revolution,  will  remain  until  it  comes 
round  again  to  the  spot  from  which  it  set  out.  Thus,  if  a 
narrow  slit  be  cut  in  a circle  of  pasteboard,  from  the  circum- 
ference to  the  centre,  and  it  be  held  before  the  eye,  and  made 
to  spin  rapidly  upon  its  axis,  objects  will  be  seen  through  it  as 
if  it  were  wholly  transparent,  and  only  covered  with  a thin 
gauze.  Many  familiar  appearances  are  explicable  upon  the 
same  principle,  and,  amongst  others,  the  magical  eflfects  of  fire- 
works, in  which  revolving  jets  of  flame  produce  the  impression 
of  continuous  wheels  of  fire.  Several  beautiful  illustrations 
of  it  have  also  lately  been  contrived  in  the  form  of  toys,  which  are 
well  calculated  to  excite  wonder,  and  it  is  to  he  hoped  a some- 
what more  rational  curiosity  with  regard  to  their  construction. 

Now  the  mind  almost  necessarily  has  recourse  to  the  idea 
of  a medium,  by  which  the  phenomena  of  light,  or  of  any  force 
thus  detaching  itself  from  ponderable  matter,  are  propagated 
and  perceived:  just  as  sound  is  propagated  and  perceived  by 
the  medium  of  the  air. 

§ 213.  There  are  two  hypotheses  with  regard  to  the 
nature  of  'this  medium  for  light,  which  have  hitherto  divided  the 
opinions  of  philosophers. 

The  hypothesis  of  emission  supposes  that  light  consists  of  a 
highly  attenuated  fluid,  the  particles  of  which  are  not  affected 
by  gravity,  but  are  endued  with  a prodigious  self-repulsive 
force,  and  are  actually  projected  from  luminous  substances  in 
right  lines,  vfith  inconceivable  velocity.  We  seem  to  form 
some  notion  of  matter  in  such  a state  when  we  contemplate 
the  direct  rays  of  the  sun.  The  rectihnear  course  of  the  light 
is  shown  by  particles  of  floating  dust,  or  minute  drops  of  Avater, 
which  are  illuminated  in  its  course,  and  mark  the  uiiA-arjfing 
direction  of  its  progression. 

In  the  ii^^othesis  of  undulation,  on  the  contrary,  the  Avhole 
universe,  including  the  interstitial  spaces  of  all  matter,  is  con- 
ceived to  be  filled  with  a highly  elastic,  rare  medium,  which 
possesses  the  property  of  inertia,  but  not  gra^fitation,  to  which 
the  name  of  ether  has  been  given.  This  medium  is  not  light, 
but  light  is  produced  in  it  by  the  excitation  on  the  part  of 
luminous  bodies  of  an  undulator)’-  motion,  analogous  to  the 
waves  of  water,  or  those  vibrations  of  the  air  which  produce  the 
impression  of  sound  upon  the  ear. 
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§ 214.  And  here  it  is  quite  necessary  to  correct  any 
erroneous  judgment  which  may  have  been  formed  from  careless 
observation  of  the  manner  in  which  force  propagates  itself  in 
bodies  which  are  capable  of  this  kind  of  oscillation.  A wave 
does  not  consist,  as  is  often  hastily  supposed,  of  any  advance  or 
progression  of  the  particles  of  M’hich  it  is  composed  in  the 
direction  in  which  they  appear  to  run;  the  particles,  it  is  true, 
move,  but  in  a direction  transverse  to  their  apparent  motion. 
In  contemplating  the  phenomena  in  a still  sheet  of  AA^ater,  the 
force  of  a falling  pebble,  or  the  slightest  brush  of  a summer’s 
insect,  will  be  sufficient  to  excite  a system  of  waves  spreading 
from  the  impinging  body  as  from  a centre.  Certain  particles 
are  at  first  forced  doAAm,  and  the  surrounding  particles  are  conse- 
quently heaped  up  aboA^e  their  level;  their  circular  ridge  sub- 
sides, but  not  only  fills  up  the  original  depression,  but,  from  its 
momentum,  forces  up  another  ridge  exterior  to  it,  and  this,  in 
subsiding,  another,  and  so  on;  and  thus  the  force  is  propagated, 
and  adA^ances  from  the  centre  Avith  a decreasing  energ)^. 

Vibrations  are  propagated  through  elastic  bodies  upon 
exactly  the  same  principle;  only  that  it  is  the  force  of  elasticity 
which,  by  its  alternate  action  and  reaction,  produces  the  oscil- 
lating wave,  instead  of  the  momentum  of  the  liquid  particles. 
The  undulation  is  not  a ridge  of  elevation  but  a line  of  con- 
densation; and  as  in  water  Ave  haA^e  alternately  elevated  and 
depressed  lines,  Ave  have  in  air  lines  alternately  condensed  and 
rarefied. 

The  analog}’’  between  the  supposed  undulations  of  the  ether, 
Avhich  produce  light,  and  those  of  the  grosser  particles  of  our 
ponderable  atmosphere,  which  produce  sound,  is  so  striking, 
that  the  undulatory  theory  has  received  some  of  its  happiest 
illustrations  from  experiments  conducted  by  means  of  the 
measurable  vibrations  of  musical  notes. 

The  direct  propagation  of  light  finds  its  parallel  in  the  pro- 
pagation of  sound  along  a solid  elastic  medium.  Professor 
Wheatstone  has  shown,  in  a most  beautiful  series  of  experi- 
ments, that  when  a tuning-fork  (fig.  12)  is  placed  at  one 
extremity  of  a long  conducting-rod  of  metal,  glass,  or  Avood, 
while  the  other  communicates  with  a sounding-board,  the  sound 
is  heard  as  instantaneously  as  Avhen  it  is  in  immediate  contact 
Avith  the  board;  it  immediately  ceases  Avhen  the  rod  is  removed 
from  the  sounding-board,  or  the  fork  from  the  rod.  The 
vibrations  are  inaudible  in  their  transmission,  and  only  become 
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sensible  at  the  point  where  they  are  multiplied  by  meeting  with 
a sonorous  body  placed  to  receive  them.  All  the  varieties 
of  tune,  quality,  and  audibility,  and  all  the  combinations  of 
harmony,  from  different  musical  instruments,  may  be  thus 
transmitted  unimpaired,  and  again  rendered  audible  by  com- 
munication with  an  appropriate  receiver.  We  must,  however, 
do  no  more  than  indicate  the  existence  of  an  analogy,  the  full 
development  of  which,  though  eminently  interesting,  would 
lead  us  too  far  from  our  present  purpose. 


§ 215.  A ray  of  light  then  consists,  according  to  the  first 
hypothesis,  of  a line  of  particles  projected  from  the  luminous 
body,  and  impinging  upon  the  eye;  according  to  the  second,  of 
a series  of  undulations  excited  by  the  luminous  body  which 
reach  the  eye,  and  produce  the  sensation  of  light  by  corre- 
sponding vibrations  of  the  optic  nerve.  An  assemblage  of  a 
number  of  such  rays,  proceeding  together  in  the  same  direction, 
is  called  a pencil  of  rays. 

It  may,  however,  be  remarked  that,  whatever  hypothesis 
may  be  adopted,  an  alternating  motion  of  some  kind  at  minute 
intervals  along  a ray  of  light,  is  as  real  as  the  motion  of 
translation,  by  which  light  is  propagated  through  space : that 
this  alternating  motion  must  have  reference  to  certain  directions 
tranverse  to  that  of  the  ray,  is  equally  established  as  a con- 
sequence of  phenomena  which  we  are  about  to  examine. 

Having  premised  thus  much  upon  the  hypothetical  views  of 
the  nature  of  light,  we  will  proceed  to  examine  the  phenomena, 
and  the  laws  by  which  they  are  governed,  with  as  httle  regard 
to  hypothesis  as  possible;  and  we  shall  generally  speak  of  a ray 
of  fight  as  of  a radiant  force,  without  reference  to  its  nature 
and  the  mode  of  its  propagation. 

§ 216.  Light  requires  time  for  its  propagation;  but  the 
rapidity  with  which  it  travels  is  so  great  as  to  be  absolutely 
insensible  in  such  distances  as  occur  on  the  surface  of  the  earth: 
it  is  only  when  we  direct  our  observations  to  the  celestial 
bodies,  whose  distances  from  us  are  commensurate  with  its 
velocity,  that  we  can  appreciate  the  fact.  Astronomy  has 
proved,  by  the  most  unexceptionable  calculations,  that  its  pro- 
gress is  at  the  rate  of  195,000  miles  in  a second  of  time — a 
velocity  which  transcends  all  comprehension;  and  it  is  only  by 
reflection,  and  a comparison  with  more  familiar  phenomena, 
that  we  can  form  some  conception  of  it. 
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“ A cannon-ball  would  require  seventeen  years  at  least  to 
reach  the  sun,  supposing  its  velocity  to  continue  uniform  from 
the  moment  of  its  discharge;  yet  light  travels  over  the  same 
space  in  seven  minutes  and  a half.  The  swiftest  bird,  at  its 
utmost  speed,  would  require  nearly  three  weeks  to  make  the 
tour  of  the  earth;  light  performs  the  same  distance  in  much 
less  time  than  is  required  for  a single  stroke  of  its  wing*.” 

The  velocity  of  light  is,  however,  changed  when  it  passes 
from  one  medium  to  another,  and  in  general  the  denser  the 
medium  the  more  is  its  velocity  diminished. 

§ 217.  The  first  relation  of  light  to  ponderable  matter, 
which  we  shall  notice,  is,  that  most  bodies  possess  the  property 
of  intercepting  it  in  its  progress,  whilst  a few  allow  it  to  traverse 
their  substance.  Hence  the  distinction  of  bodies  into  opaque, 
transparent  and  diajjhanous.  The  light  of  the  sun,  or  of  a 
tamp,  freely  reaches  us  in  straight  lines,  through  a plate  of 
glass,  but  is  wholly  excluded  from  our  eye  by  the  interposition 
of  a plate  of  metal. 

It  also  penetrates  through  a sheet  of  white  paper  or  por- 
celain, but  not  in  straight  lines  parallel  to  its  first  direction, 
but  becomes  broken,  as  it  were,  and  scattered,  and  is  re-radiated 
as  from  a self-luminous  centre. 

An  opaque  screen  interposed  between  a luminous  body  and 
a sheet  of  paper,  or  other  object,  casts  what  is  called  a shadow 
upon  such  subject,  and  the  shadow  is  similar  in  figure  to  the 
section  of  the  body  which  produces  it;  and  hence  we  learn 
that  the  rays  of  light  are  transmitted  in  straight  lines.  The 
luminous  rays  are  cut  off  by  the  body  of  the  screen,  and  being 
prevented  from  falling  upon  the  object  behind,  the  surface 
exactly  coincident  with  its  boundary  remains  in  a state  of 
darkness;  but  they  continue  their  course  beyond  its  edge,  and 
illuminate  the  surrounding  space. 

§ 218.  The  law  of  the  decrease  in  proportion  to  the 
squares  of  the  distances,  may  be  experimentally  proved  by 
means  of  tbe  shadow  of  an  object;  for  a board  of  a foot  square, 
at  a certain  distance  from  a light,  just  shadows  a board  of  two 
feet  square  at  double  the  distance,  and  the  latter  has  four  times 
as  much  surface  as  the  former;  i.  e.,  the  light  which  is  con- 
centrated upon  the  first  board  would  be  diffused  over  four 
times  the  space,  if  suffered  to  fall  upon  the  second.  (See  fig.  1.) 

* Herschel’s  Discourse. 
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An  accurate  photometer,  or  measure  of  light,  founded  upon 
physical  principles  independent  of  the  judgment  of  the  eye,  is 
still  a desideratum  of  science.  A very  simple  method  of 
comparing  two  sources  of  illumination,  was  suggested  by  Count 
llumford.  They  are  so  arranged  as  that  each  may  cast  a 
shadow  of  some  object,  as  a stick,  upon  a plain  white  surface; 
the  eye  can  then  form  a tolerable  judgment  of  the  relative 
darkness  of  these  shadows.  The  brighter  light,  which  casts  the 
deepest  shadow,  is  then  to  be  removed,  or  the  weaker  to  be 
approached,  till  the  two  are  equalized,  and  the  distances  of  the 
two  lights  from  the  screen  being  measured,  the  relative  intensity 
of  the  lights  will  be  as  the  squares  of  the  distances.  In  this 
case  the  shadow  of  one  light  is  illuminated  solely  by  the  rays  of 
the  other,  while  the  surrounding  space  is  illuminated  by  the 
rays  of  both;  when  the  shadows,  therefore,  are  equal,  the  lights 
are  equal.  The  eye,  however,  is  not  much  more  to  be  depended 
upon  for  an  estimate  of  light  than  the  hand  is  for  the  weight  of 
an  object  presented  to  it,  particularly  when  any  difference  of 
colour  may  tend  to  perplex  the  judgment. 

Professor  Wheatstone  has  lately  constructed  a photometer 
(49)  far  exceeding  in  accuracy  and  convenience  any  which  has 
as  yet  been  contrived,  which  is  founded  upon  the  physiological 


(49)  A B c is  a circle  of  brass 
fixed  to  the  wooden  frame  d e f; 
the^ inside  of  its  circumference  is 
studded  with  teeth,  a 6 c is  a 
smaller  circle  furnished  with  teeth 
on  the  outside  locked  into  the 
teeth  of  the  larger,  the  diameter  of 
which  is  exactly  half  the  diameter 
of  the  larger.  It  turns  upon  its 
centre  d fixed  to  the  arm  b d, 
which  is  its  own  radius  and  move- 
able upon  the  centre  b of  the  large 
circle  by  a key  on  the  opposite 
side  of  the  frame.  A bright  me- 
tallic head  f is  fixed  upon  the  cir- 
cumference of  the  small  circle;  as 
the  small  circle  is  carried  round  by  the  arm  6 d in  its  rotation  by  the 
kej',  it  also  turns  rapidly  upon  its  centre  d,  and  the  bead  / travels 
along  the  diameter  of  the  large  circle  from  to  b in  completing  one- 
half  of  its  revolution,  and  back  again  from  B to  J'  during  the  other 
half. 
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principle  to  which  we  have  already  referred,  of  the  permanence 
of  the  impression  of  light  upon  the  optic  nerve  (§212).  If  a 
small  convex  reflector,  such  as  a bead  of  glass  about  one-eighth 
of  an  inch  in  diameter  silvered  on  the  inside,  be  placed  between 
two  lights,  bright  images  of  both  will  be  formed,  but  differing  in 
brightness  according  to  the  intensity  of  each.  A rough  estimate 
of  their  relative  values  may  be  obtained  by  adjusting  the  dis- 
tances between  the  two;  but  by  causing  the  bead  to  move  back- 
wards and  forwards  in  a straight  line  two  parallel  lines  of  light 
will  be  formed  instead  of  two  spots  about  j^th  inch  ajiart.  By 
moving  the  reflector  to  different  parts  of  the  line  which  joins 
the  two  lights,  or  by  changing  the  relative  distances  of  the  lights 
themselves,  these  two  luminous  lines  may  be  made  to  appear 
perfectly  equal  in  brightness.  The  comparative  value  of  the 
lights  may  then  be  ascertained  by  squaring  the  distances.  The 
accuracy  of  this  method  is  such,  that  the  difference  of  an  inch 
or  two  in  many  feet  is  easily  ascertained.  The  instrument 
is  represented  below  of  its  full  dimensions. 

§ 219.  When  a pencil  of  light  traverses  space,  or  a 
perfectly  homogeneous  medium,  its  course  is  rectilinear,  and  its 
velocity  uniform;  but  when  it  encounters  an  obstacle  or  a 
different  medium,  it  undergoes  certain  modifications,  of  the 
nature  of  which  we  must  endeavour  to  form  some  distinct 
notions. 

It  separates  itself  into  several  portions  which  pursue  dif- 
ferent courses,  and  are  otherwise  differently  modified.  One  of 
these  portions  is  regularly  reflected  or  turned  aside,  and  after 
reflexion  pursues  a course  wholly  exterior  to  the  obstacle  or 
new  medium;  a second  portion  penetrates  the  medium,  and  is 
more  or  less  refracted  or  bent  out  of  its  original  direction;  a 
third  portion  is  absorbed  or  lost;  and  a fourth  portion  is  repelled 
from  the  surface,  and  radiates  itself  in  all  directions. 

§ 220.  The  primary  law  of  reflection  is,  that  the  incident 
and  reflected  rays,  which  are  always  in  the  same  plane,  form 
equal  angles  with  a perpendicular  to  the  surface  at  the  point 
of  incidence.  It  is  generally  thus  enunciated, — the  angle  of 
reflection  is  equal  to  the  angle  of  incidence.  It  is  thus  that  the 
images  are  formed  in  a looking-glass;  and  as  we  always  see 
objects  in  the  direction  in  which  the  ray  of  light  arrives  at  the 
eye,  we  judge  the  image  to  be  as  much  behind  the  mirror  as 
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the  object  is  before  it  (50).  This  is  the  same  law  which  governs 
the  collision  of  matter  moving  under  the  influence  of  mechanical 
force ; whether  that  motion  be  of  a solid,  direct  in  space,  or  of  a 
liquid  propagated  by  waves. 

If  we  admit  a small  sunbeam  into  a darkened  chamber,  and 
receive  it  on  a plane  polished  surface  of  glass  or  metal,  we  may 
easily  convince  ourselves  of  the  fact  by  the  measurement  of  the 
angles.  Moreover,  to  see  the  image  of  any  object  by  reflection, 
it  is  necessary  to  place  the  eye  in  a situation  to  receive  the  rays 
which  proceed  from  the  object  at  the  same  angle  at  which  they 
originally  strike  the  observer. 

The  greater  the  angle  of  incidence,  the  more  light  is  reflected 
from  all  substances,  except  the  metals,  which  reflect  the  greatest 
quantity  of  light  at  small  angles.  Evfen  the  rough  surface  of  a 
plaster  of  Paris  cast,  or  a sheet  of  hot-pressed  writing  paper, 
will  aflbrd  a very  perfect  image  of  an  object  at  a very  large  * 
angle. 


§ 221.  All  known  substances,  not  excepting  air,  the 
most  diaphanous  of  all,  reflect  some  portion  of  light,  and  it  is 
calculated  that  a person  plunged  150  feet  in  the  clearest  sea, 
would  find  the  light  of  the  sun  no  more  than  the  light  of  the 
moon;  and  if  we  look  at  a luminous  object  through  a trans- 
parent piece  of  glass,  we  shall  find  that  the  object  becomes 
dim  in  exact  proportion  to  its  thickness,  so  that  there  is  no 
such  thing  in  nature  as  perfect  transparency.  On  the  other 
hand,  there  is  reason  to  suppose  that  no  body  possesses  the 
property  of  perfect  reflection;  for  light  penetrates  in  an  inap- 

(50)  Let  be  a reflecting  surface, 
and  r a ray  of  light  impinging  upon  it,  in  ^ 

a perpendicular  direction  from  r to  vi,  it  « \ 
will  then  he  reflected  in  the  same  direc- 
tion, and  return  from  m to  r.  If  the  '\ 

ray  of  light  fall  upon  m,  in  the  direction 

a m,  it  will  he  reflected  from  m to  b;  \ / 

the  angle  of  reflection,  ?•  vi  5,  measured  x'*" 

from  the  perpendicular,  r m,  being  equal 
to  the  angle  of  incidence,  r m a,  mea- 
sured from  the  same  perpendicular.  ^„/  • 

The  luminous  object  would  in  the  first 

case  appear  to  an  eye  placed  at  r behind  the  reflecting  surface  at  i; 
and  in  the  second  case,  to  an  eye  placed  at  b,  it  Avould  appear  in  the 
direction  of  the  reflected  ray,  behind  the  mirror  at  i". 
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preciable  quantity  into  the  surface  of  all  bodies,  and  even  into 
gold  itself,  as  it  is  easy  to  be  assured  of,  by  holding  a piece  of 
leaf  gold  between  the  eye  and  any  strong  light,  when  it  will  be 
found  to  be  permeable  to  bluish  rays. 

§ 222.  Light  may  be  so  reflected  from  regular  curved 
concave  surfaces,  that  all  the  rays  may  converge  to  one  point  or 
focus.  In  this  case,  the  direction  of  each  reflected  ray  is  the 
same  as  if  it  had  taken  place  from  a plane  surface,  tangent  to 
the  curve  at  the  point  of  incidence  (51). 

§ 223.  When  a ray  of  light  is  admitted  into  a darkened 
apartment,  it  may  be  almost  wholly  turned  aside  by  reflection 
from  a metallic  mirror,  in  any  direction  according  to  the  angle 
at  which  the  mirror  is  presented  to  it.  If  it  then  be  made  to 
fall  upon  any  object,  it  will  afiect  that  object  as  the  original 
ray;  one  part  will  be  absorbed  or  extinguished,  another  reflected, 
and  a third  will  be  irregularly  repelled  or  scattered:  it  will 
assume  a state  of  secondary  radiation.  It  is  this  portion  which 
renders  an  object  visible  in  all  directions.  This  scattered  light 
falling  upon  other  bodies  is  again  reflected  and  dispersed  from 
them,  and  makes  all  of  them  also  visible,  although  in  a less 
degree  because  of  the  partial  absorption  which  is  constantly 
taking  place,  and  the  whole  apartment  is  lighted.  No  such 
general  lighting  is  produced  by  regular  reflexion  from  the 
mirror,  and  the  effhct  depends  upon  the  nature  of  the  body  on 
which  the  rays  fall.  It  it  be  upon  a sheet  of  white  paper  which 
absorbs  but  little,  the  apartment  will  be  well  lighted,  but  if 
upon  black  velvet  which  absorbs  nearly  the  whole,  the  apart- 
ment will  remain  dark. 

This  property  is  of  the  utmost  important  to  vision;  it  is 
possessed  in  various  degrees  by  all  bodies  on  the  earth,  and 
very  remarkably  by  the  atmosphere  which  surrounds  it.  By 
these  means  the  light  derived  directly  from  the  sun  is  diffused, 
and  that  milder  radiance  maintained,  which  is  so  agreeable  to 
the  eye,  and  which  renders  objects  visible  when  the  sun^s  direct 

(51)  Let  I K represent  the  polished  concave 
surface  of  a segment  of  a sphere;  the  pencil  of 
parallel  rays,  c d,  will  he  reflected  from  it,  accord- 
ing to  the  law,  so  as  to  meet  at  the  focus  f,  where 
they  will  also  cross  one  another,  and  pass  on  in 
the  same  direction  to  n c. 
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rays  do  not  fall  upon  them.  But  for  this,  indeed,  all  bodies 
shaded  from  the  sun  would  be  perfectly  dark  or  black,  that  is, 
totally  invisible;  and  without  an  atmosphere,  the  sun  wordd 
appear  a blazing  orb  in  a black  sky.  On  lofty  mountains,  when 
half  the  atmosphere  is  below  the  level  of  the  observer,  it  is  well 
known  that  the  sun’s  rays  are  painfully  intense,  and  the  sky  is 
of  the  darkest  hue,  almost  approaching  to  black. 


§ 224.  When  a pencil  of  light  falls  on  the  surface  of  any 
transparent  uncrystallized  medium,  as  water,  a portion  of  it  is 
reflected,  and  another  portion,  which  serves  to  make  the  surface 
visible,  is  scattered  in  all  directions;  the  remainder  penetrates 
the  medium  and  pursues  its  course  within  it.  If  it  enters  it 
perj)endicularly,  it  passes  through  in  a straight  line;  but  if  at  an 
angle,  it  is  bent  from  its  course,  and  is  said  to  be  refracted. 
In  the  reflection  of  light,  the  law,  as  far  as  regards  the  direction 
of  the  reflected  ray,  is  the  same  for  all  reflecting  substances:  in 
refraction  it  is  otherwise,  and  each  different  medium  has  its  oum 
peculiar  action  on  light;  some  turning  a ray  incident  at  a given 
angle,  more  out  of  its  course  than  others  (52). 


(52)  If  in  this  diagram,  we  suppose  a ray  of  light  shot  from  a 
to  c,  to  penetrate  the  surface  of  a piece  of  glass,  g h,  it  would  reach 
directly  across  to  b ; hut  if  the  ray  fall  obliquely,  as  from  d to  c,  then 
instead  of  continuing  its  course  to  i and  k,  it  will  at  the  moment  of  its 

entrance  be  bent  downwards  into 
the  path  c e,  nearer  to  a line,  c o, 
called  the  perpendicular  to  the  sur- 
face at  the  point  of  entrance;  and  ) 
then  moving  straightly  while  in  the  j 
substance  of  the  glass,  it  will,  ' 

when  it  passes  out  again  at  e,  in  ! 

the  opposite  surface,  be  bent  just  I 
as  much  as  at  first  in  the  contrary 
direction,  or  away  from  a similar 
perpendicular  at  the  surface  i e, 
into  the  line  ef,  instead  of  the  line 
e n.  A ray,  therefore,  passing  obli- 
quely through  a transparent  body 
of  parallel  surfaces,  has  its  course  shifted  a little  on  one  side  of  the 
original  course,  but  still  proceeds  in  the  same  direction,  or  in  a line 
parallel  to  the  first.  An  eye,  therefore,  looking  at  an  object,  d, 
obliquely  from through  a piece  of  glass, g lip  q,  with  parallel  surfaces, 
would  see  it  in  the  direction  f d',  instead  of  the  direction y’ d,  and 
to  the  left  of  its  real  position. 


REFRACTIVE  POWERS. 


177 


Tlie  degree  of  bending,  or  refraction  of  light  in  traversing  a 
transparent  medium,  is  ascertained  by  comparing  the  obliquity 
of  its  apjoroach  to  the  surface  with  the  obliquity  of  its  depar- 
ture after  passing;  and  the  ratio  of  these  two  angles  when  light 
passes  from  a vacuum  into  a given  substance,  is  called  the  index 
of  refraction  (53). 

When  light  passes  obliquely  from  air  into  water,  the  refrac- 
tion or  bending  is  such,  that  the  line  measuring  the  obliquity 
before  the  refraction,  or  the  sine  of  the  angle  of  incidence,  is 
always  longer  than  the  line  measuring  it  after  refraction,  or  the 
sine  of  the  angle  of  refraction,  by  nearly  one-third  of  the  latter: 
and  the  refractive  power  of  water  is  therefore  signified  by  the 
index  1^  or  1.33:  as  in  like  manner,  the  greater  refractive 
power  of  common  glass  has  the  index  If:  that  of  the  diamond, 
2f,  and  so  on.  Whatever  relation  holds  between  a ray  and  the 
refraction  in  any  one  case,  the  same  holds  good  in  all  cases.  If, 
for  instance,  the  obliquity  measured  by  its  sine  be  40,  and  the 
refraction  be  half,  or  20,  then  in  the  same  substance,  an 
obliquity  of  10  will  occasion  a refraction  of  5,  &c. 

§ 225.  Generally  speaking,  the  refractive  power  of  sub- 
stances is  in  some  degree  proportioned  to  their  densities:  water, 
for  instance,  acts  more  powerfully  than  air,  and  has  its  power 
increased  by  solution  of  salt.  Glass,  again,  is  superior  to 
either;  but  Sir  I.  Newton  observed,  that  inflammably  substances 
had  greater  refractive  powers  than  others,  and  he  in  conse- 
quence foretold,  what  chemistry  has  since  so  remarkable  veri- 
fied, that  the  diamond  and  water  would  be  found  to  contain 
inflammable  principles. 


(53)  For  the  purpose  of  determining  the  index  of  refraction,  a 
line  is  supposed  to  he  drawn  perpendicularly  through  the  surface,  at 
the  point  of  incidence,  as  in  the  last  figure,  a b,  drawn  through  c,  and 
the  relative  positions  of  the  ray  to  this  line  are  easily  ascertained. 
Thus,  if  we  strike  a circle  from  the  centre  c,  with  the  radius  c e,  in  the 
plane  of  the  ray  dee,  the  line  r s,  drawn  from  its  point  of  intersection 
with  the  ray  before  incidence,  to  the  perpendicular,  will  be  a measure 
of  the  original  obliquity,  or  angular  distance  of  the  ray,  and  is  called 
the  sitie  of  the  angle  of  incidence;  and  another  line,  o e,  drawn  from 
a corresponding  point  of  the  perpendicular  to  the  ray  after  passing,  is 
a measure  of  the  obliquity  after  refraction,  and  is  called  the  sine  of  the 
angle  of  refraction;  by  comparing  these  two  lines,  the  amount  of 
refraction  is  ascertained. 
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Hydrogen,  sulphur,  phosphorus,  wax,  turpentine,  camphor, 
and  oils,  are  distinguished  by  a refractive  power,  many  times 
greater  in  respect  to  their  densities  than  most  other  substances. 
Chromate  of  lead,  on  the  other  hand,  which  is  not  combustible, 
possesses  the  power  in  an  extraordinary  degree. 

In  the  following  table  is  set  down  the  refractive  powers  of 
the  principal  gases  and  vapours,  compared  with  air: — 

Table  XXX.  Refractive  Powers  of  Gases  and  Vapours.. 


Barometer  30°. 


Air 

. 1000 

Chlorine 

2.623 

Oxygen 

. 0.861 

Alcohol  vapour 

2.220 

Nitrogen 

. 1 .034 

Ether  vapour 

5.280 

Hydrogen  . 

. 6.614 

Sulpt.  of  carhon  vapour 

5.179 

Ammonia  . 

. 2.168 

Cyanogen  . 

2.832 

Carbonic  acid 

. 1.004 

Hydro-cyanic  acid 

1.531 

Carburetted  liydrogen  . 2.092 

Carbonic  oxide 

1.157 

Muriatic  acid 

. 1.196 

Sulphuretted  Hydrogen . 

2.187 

The  following  table  registers  the  refractive  pow'er  of 
remarkable  liquids  and  solids: — 

some 

Table  XXXI. 

Refractive  Poioer  of  Liquids  and  Solids. 

Sulphuret  of  carbon 

. 1 .678 

Chromate  of  lead 

2.974 

Tolu  balsam 

. 1.628 

Diamond 

2.439 

Castor  oil  . 

. 1.490 

Phosphorus 

2.224 

Almond  oil 

. 1.483 

Calcareous  spar  . 

1.654 

Spirits  of  turpentine 

. 1.475 

Quartz 

1.548 

Sulphuric  acid 

. 1.434 

Resin 

1.559 

Alcohol 

. 1.372 

Rock-salt 

1.557 

Ether 

. 1.358 

Ice  .... 

1.308 

Water 

. 1.335 

Tabasheer  . 

1.111 

§ 226.  Many  familiar  phenomena  might  be  sufl&cient  to 
convince  an  attentive  observer  of  this  action  of  transparent  sub- 
stances upon  light.  Thus,  when  a stick  is  immersed  obliquely 
in  water,  it  appears  bent  at  the  point  of  immersion;  and  if  an 
object,  such  as  a piece  of  coin,  be  placed  at  the  bottom  of 
a basin,  and  the  experimenter  place  himself  so  that  the  side  of 
the  vessel  may  just  conceal  it,  upon  pouring  water  into  it,  it 
will  become  visible.  If,  instead  of  water,  spirits  of  wine  be 
used,  the  coin  will  appear  more  raised;  if  oil,  still  more. 

But  in  none  of  these  cases  will  the  object  appear  to  be 
thrown  aside,  to  the  right  or  the  left  of  its  true  place.  The 
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plane  in  which  are  contained  the  eye,  the  object,  and  the  point 
in  the  liquid  at  which  the  object  is  seen,  is  an  upright  or  ver- 
tical plane,  and  in  ordinary  refraction  the  ray  never  quits  this 
plane. 


§ 227.  The  direction  of  the  refracted  ray  depends  upon 
the  relative  position  of  the  surface  of  the  transparent  body,  not 
only  at  its  point  of  entrance,  but  also  at  its  exit;  and  thus  by 
variously  modifying  the  surfaces  of  refractive  media,  the  rays 
of  light  transmitted  may  be  diverted  almost  at  pleasure.  By 
refraction  at  convex  surfaces,  for  instance,  they  may  be  made  to 
converge  to  a focus,  and  all  their  power  condensed  at  one  parti- 
cular point;  the  refraction  taking  place  as  if  each  ray  fell  upon 
a plane  surface,  tangent  to  the  curve  at  the  point  of  inci- 
dence (54). 

As  it  is  at  the  surfaces  of  bodies  that  the  deflecting  power 
acts,  by  a proper  adjustment  of  surfaces,  the  original  deviation  of 
a fay  entering  a piece  of  glass  may  be  doubled  at  its  emergence, 
and  some  very  curious  effects  produced  (55).  The  phenomena 
may  be  best  observed  by  means  of  a triangular  prism  of  glass,  or 


(54)  G H,  ill  the  annexed  figure,  represents  a lens  of  glass,  the 
opposite  convex  surfaces  of  which  are  segments  of  similar  spheres. 


I 


The  pencil  of  parallel  rays,  a b,  in  traversing  its  substance,  are 
refracted  at  both  surfaces;  and,  according  to  the  law,  upon  their 
emergence  from  the  glass,  are  so  directed  as  to  meet  at  the  focus  p, 
and  crossing  one  another,  pass  on  to  b a. 


(55)  A ray  of  light,  w,  is  here  repre- 
sented, impinging  obliquely  on  the  upper 
surface  of  the  prism;  it  is  there  refracted 
out  of  its  original  direction  towards  a per- 
pendicular to  the  surface.  On  emerging 
from  the  second  surface  it  is  further  re- 
fracted into  the  direction,  g,  away  from  the 
perpendicular  to  that  surface.  It  is  also 
separated  into  different  portions,  of  which 
V r are  the  extremes. 
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other  refracting  substance.  The  hght  which  falls  upon  one  of 
the  faces  is  refracted  at  the  first  surface,  and  also  at  the  second 
surface;  but  the  second  refraction  does  not  bring  the  ray  into  a 
direction  parallel  with  the  incident  ray,  as  is  the  case  when  the 
surfaces  of  the  glass  are  parallel;  but  they  are  permanently  bent 
into  another  direction. 

There  is,  however,  a limit  to  the  possibility  of  a ray^s  egress 
from  any  medium,  or  a limit  of  the  angle  of  refraction,  at  which 
the  ray,  instead  of  emerging  from  it,  is  totally  reflected  within 
it.  The  reflexion  thus  obtained,  being  total,  far  surpasses  in 
brilliancy  what  can  be  obtained  by  any  other  means,  such  as  the 
most  highly  polished  metals.  It  may  be  familiarly  shown  by 
filling  a glass  with  water  and  holding  it  above  the  level  of  the 
eye.  If  we  then  look  obliquely  upwards  through  it,  we  shall 
see  the  whole  surface  shining  like  polished  silver,  and  any 
object  immersed  in  it  will  have  its  immersed  part  reflected  on 
the  surface,  as  on  a mirror  of  the  most  perfect  kind. 

§ 228.  The  most  extraordinary  fact  connected  with  the 
refraction  of  light  is,  that  a pure  ray  of  white  light  from  the  sun, 
admitted  into  a darkened  room,  through  such  a prism,  instead 
of  being  refracted  altogether,  and  appearing  still  as  a white  ray, 
is  divided  into  several  rays  of  different  vivid  colours.  It  is 
thus  said  to  be  analyzed  or  decomposed  into  its  elementary 
rays.  Seven  principal  colours  may  be  distinguished,  viz.,  red, 
orange,  yellow,  green,  blue,  indigo,  and  violet;  and  it  is  owing 
to  the  unequal  refrangibility  of  the  rays  which  produce  them 
that  their  separation  is  effected  (56).  The  relation  of  the  sine 


(56)  In  the  annexed  diagram  R x represents  a ray  of  Hght  pass- 
ing into  a dark  chamber  through  a small  hole  in  the  window-shutter, 


w w.  When  a prism,  p,  with  one  of  its  angles  downwards,  is  inter- 
posed in  its  passage,  the  ray,  after  suffering  two  refractions,  is  bent 
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of  tlie  angle  of  refraction  to  the  sine  of  the  angle  of  incidence 
differs  in  each. 

Table  XXXII,  Of  the  Ref  Tangibility  of  the  Rays  of  the 

Spectynim. 


Water. 

Fi.int  Glass. 

Index  of  Refraction. 

Index  of  Refraction. 

Red 

1.3310 

1.6277 

Orange 

1.3317 

1 .6297 

Yellow 

1.3336 

1.6350 

Green  . 

1 .3358 

1.6420 

Blue  . 

1.3378 

1.6483 

Indigo . 

1.3413 

1.6603 

Violet . 

1.3442 

1.6711 

§ 229.  Thus  the  red  ray  is  the  least  bent,  and  the  violet 
the  most.  This  unequal  refrangibility  is  not  an  accidental 
circumstance,  but  is  a property  inherent  in  their  nature,  and 
which  each  retains  after  being  subjected  to  several  refractions; 
and  no  action  of  refraction  or  reflection  is  capable  of  effecting 
their  further  decomposition.  If  they  be  again  collected,  as  they 
may  be  either  by  refraction  through  the  convex  surface  of  a 
lens,  or  by  reflection  from  the  concave  surface  of  a mirror,  they 
Ball  reproduce  white  light  at  the  respective  foci. 

The  space  illuminated  and  coloured  by  a pencil  of  rays  from 
the  sun  thus  analyzed,  is  called  the  solar  spectrum. 

It  is  to  Newton  we  are  indebted  for  these  beautiful  experi- 
ments, and  for  a theory  of  colours  founded  upon  them:  accord- 
ing to  which  the  colours  of  natural  objects  are  compounded  of 
several  rays  which  are  transmitted  or  re-radiated  after  the  absorp- 
tion or  extinction  of  others. 

Some  late  experiments  of  Sir  John  Ilerschel  have  rendered 
it  probable  that  there  exist  in  the  solar  spectrum,  beyond  the 
limit  of  the  violet  rays,  other  rays  of  still  higlier  refrangibility, 


upwards  towards  s;  and  when  received  upon  a white  screen,  placed  at 
a considerable  distance  behind  the  prism,  forms  an  oblong  image, 
coloured  with  the  most  vivid  tints  named  in  the  margin.  When  a 
similar  prism,  represented  by  the  dotted  triangle,  q,  is  placed  before 
the  first,  in  the  reverse  position,  the  opposite  actions  of  the  two  cor- 
rect each  other,  all  colour  disappears,  and  the  effect  is  the  same  as 
would  result  from  the  interposition  of  a piece  of  thick  glass,  whose 
opposite  sides  are  parallel,  and  from  which  it  would  undergo  a slight 
degree  of  homogeneous  refraction. 


182 


SOLAR  SPECTRUM. 


and  of  a colour  which  he  proposes  to  call  lavender;  that  they  are 
not  a dilute  or  weak  form  of  the  violet,  is  proved  by  their  retain- 
ing their  peculiar  tint  unaltered  after  concentration. 

§ 230.  The  composition  of  white  light  from  the  seven 
prismatic  colours  may  be  roughly  proved  by  painting  them  upon 
the  face  of  a wheel,  and  causing  it  to  rotate  rapidly.  Owing  to 
the  permanence  of  the  impression  upon  the  retina  of  the  eye 
(§  212)  they  thus  become  blended  together,  and  a sort  of 
greyish  white  is  the  result.  The  white  is  imperfect,  because 
the  colours  employed  cannot  possibly  be  obtained  of  the  proper 
tints,  or  laid  on  in  exact  proportions. 

§231.  This  analysis  of  white  light,  however,  is  not 
wholly  dependent  upon  the  refractive  power  of  a transparent 
medium,  but  upon  what  may  be  called  its  dispersive  power; 
and  different  bodies  possess  very  different  powers  of  dispersing 
or  separating  the  coloured  rays  of  light.  If,  for  example,  we 
make  a hollow  prism  of  plates  of  glass,  and  fiU  it  vdth  oil  of 
cassia,  we  shall  find  that  the  spectrum  which  it  produces  will 
be  two  or  three  times  longer  than  that  of  a glass  prism.  Differ- 
ent substances  not  only  exhibit  the  difference  of  dispersive 
power  generally  upon  all  the  rays  of  light,  but  are  found  to  act 
unequally  upon  the  different  rays:  thus,  if  we  compare  the 
spectra  produced  by  oil  of  cassia  and  sulphuric  acid,  we  shall 
find  that  the  least  refrangible  colours,  red,  orange,  and  yellow, 
will  occupy  less  space  in  the  former  than  in  the  latter;  while 
the  most  refrangible  colours,  blue,  indigo,  and  violet,  will  occupy 
larger  spaces,  or  be  more  expanded. 

§ 232.  The  dispersive  poAvers  of  dense  flint-glass,  and  of 
the  lighter  crown-glass,  differ  very  considerably;  and  it  is 
possible  so  to  adjust  two  prisms  of  these  substances  together 
that  their  dispersive  powers  may  correct  one  another;  and  yet 
that  a considerable  deviation  or  refraction  of  the  light  AAdiich 
penetrates  them  may  remain.  It  is  upon  this  principle  that 
Dollond  first  effected  the  important  object  of  correcting  the 
colours  which  surround  the  image  of  objects  in  a common 
telescope.  Every  simple  lens  acts,  in  some  measure,  upon 
light  as  a prism,  not  only  causing  the  rays  to  conA’^erge  to  a 
focus,  but  separating  them  by  its  dispersh'e  poAA^er;  by  the 
proper  adjustment  of  different  kinds  of  glass,  a compound  lens 
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may  be  constructed  in  which  the  colour  is  greatly  corrected, 
and  the  rays  are  stiU  made  to  converge  in  the  requisite  degree. 

§ 233.  It  may  be  here  observed  that  the  undulatory 
hypothesis  accounts  for  these  differently-coloured  rays  by  a 
difference  in  the  frequency  of  recurrence  of  the  vibrations.  The 
ether  is  supposed  capable  of  vibrating  in  waves  of  different 
lengths:  the  shortest  waves  produce  violet  light,  the  longest 
red.  The  impression  of  the  different  colours  arises  precisely  as 
that  of  the  different  sounds  in  air:  the  shortest  wave  in  sound 
giving  the  highest  note. 

The  periodical  movements  of  the  medium  in  white  light 
regularly  recur  at  equal  intervals,  five  hundred  millions  of 
millions  of  times  in  a second  of  time,  1,000,000,000,000x500; 
in  the  sensation  of  redness  our  eyes  are  affected  four  hundred 
and  eighty-two  millions  of  millions  of  times,  1,000,000,000,000 
x482;  of  yellowness,  five  hundred  and  forty-two  millions  of 
millions,  1,000,000,000,000  x 542 ; of  violet,  seven  hundred  and 
seven  millions  of  millions,  1,000,000,000,000  x 707* 

§ 234.  The  solar  spectrum,  however,  in  its  utmost 
purity,  is  not,  as  it  appears  to  common  observation,  an  unin- 
terrupted line  of  light,  red  at  one  end  and  violet  at  the  other, 
and  shading  away,  through  every  intermediate  tint  from  one 
to  the  other;  but  is  interrupted  by  intervals  absolutely  dark; 
and  in  those  parts  where  it  is  luminous,  the  intensity  of  the 
light  varies.  When  viewed  in  the  most  advantageous  way, 
and  with  proper  precautions,  it  presents  the  appearance  of  a 
striped  riband,  being  crossed  in  the  direction  of  its  breadth  by 
an  infinite  multitude  of  dark,  and  by  some  totally  black  bands, 
distributed  irregularly  throughout  the  whole  extent.  The 
bands  are  constantly  in  the  same  parts  of  the  spectrum,  and 
preserve  the  same  order  and  relations  to  one  another, — the 
same  proportional  breadth  and  degree  of  obscurity,  whenever 
and  however  examined,  provided  solar  light  be  used.  By  solar 
light  must  be  understood  not  only  the  direct  rays  of  the  sun, 
but  the  reflected  and  scattered  light  from  the  same  source, 
as  the  light  of  the  clouds  or  sky,  of  the  moon  or  planets. 
Tliough  similar  bands  are  observed  in  the  spectra  from  other 
lights,  as  that  of  the  fixed  stars,  or  of  artificial  lights,  yet 
tliey  are  differently  disposed,  and  the  spectrum  of  each  lias 
a system  of  Ijands  peculiar  to  itself.  I'liis  phenomenon  has 
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been  ascribed  to  the  action  of  the  solar  atmosphere,  which 
may  have  the  property  of  absorbing  particular  portions  of  the 
rays  of  light  (57).  A similar  specific  action  has  been  found  in 
different  gases  and  vapours,  to  which  we  shall  again  refer  when 
examining  the  properties  of  heterogeneous  kinds  of  matter. 

In  the  spectra  from  artificial  lights,  some  of  the  colours  are 
sometimes  wanting. 

§ 235.  The  decomposition  of  light  may  also  be  effected 
by  absorption;  thus,  rays  of  homogeneous  colours  may  be 
obtained  by  transmission  through  glass  stained  with  certain 
metallic  oxides: — 

Homogeneous  red  . , . Oxide  of  copper. 

„ blue  . . . „ cobalt. 

The  addition  of  certain  sulistances  to  combustible  bodies, 
udll  generate  flames  which  will  radiate  certain  colours  by  the 
extinction  of  some  of  the  coloured  rays.  Thus,  by  rubbing  the 
wick  of  a spirit  lamp  with  common  salt,  we  may  cause  it  to 
radiate  a pure  homogeneous  yellow  light. 

From  the  phenomena  of  absorption.  Sir  D.  Brewster  was 
led  to  the  conclusion  that  the  only  simple  colours  are  the  red, 
yellow,  and  blue.  These  are  concentrated  in  that  part  of  the 
spectrum  where  each  appears,  but  are  spread  more  or  less  over 
the  illuminated  space,  giving  rise  to  the  other  colours  by  their 
mixture.  He  also  states  that  a small  portion  of  all  the  rays  is 
diffused  over  the  white  spectrum,  constituting  white  light,  which 
cannot  be  separated  by  refraction. 

§ 236.  Thin  plates  or  scales  of  different  substances,  or 


(57)  The  principal  lines  in  the  solar  spectrum  ai’e  here  repre- 
sented. B is  the  red  extremity,  and  v the  violet;  c is  a broad  black 
line  beyond  the  middle  of  the  red.  At  d is  a strong  double  line  in 
the  orange,  the  two  being  separated  by  a bright  one;  e is  the  middle 
one  of  a number  in  the  green.  At  e there  is  a strong  black  fine  in 


the  hlue.  o is  in  the  indigo,  and  n is  the  most  remarkable  one  in 
the  violet.  Between  these,  others  are  situated  so  thickly  that  the 
number  of  the  Avhole  amounts  to  about  590. 
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substances  divided  by  fine  regular  lines,  or  consisting  of  minute 
fibres,  have  also  the  property  of  decomposing  light  which  falls 
upon  them;  but  the  series  of  phenomena  which  they  present 
are  totally  different,  and  depend  upon  different  principles. 
The  simplest  case,  perhaps,  of  this  curious  property  occurs,  if 
we  allow  a small  beam  of  divergent  light  to  enter  into  a dark 
room  by  a hole  not  more  than  l-40th  part  of  an  inch  diameter, 
or  better  still,  through  a small  convex  lens,  and  place  a thin  rod 
of  any  kind  of  matter,  such  as  a pin,  in  its  course;  if  we  then 
examine  its  shadow,  we  shall  find  that  on  both  sides  of  it  there 
are  fringes  of  coloured  light,  the  colours  being  as  follows,  look- 

I Violet,  indigo,  pale  blue,  green, 

1 yellow,  red. 

Blue,  yellow,  red. 

. Pale  blue,  pale  yellow,  red. 


ing  from  the  shadow: — 

First  fringe 

Second  fringe 
Third  fringe  . 


§ 237.  If  instead  of  white  light,  any  of  the  homogeneous 
rays  of  the  spectrum  be  observed  in  the  same  way,  the  fringes 
will  be  of  the  same  colour,  and  their  intervals  black  (58). 

(58)  Let  a pencil  of  rays  pass  through  a glass,  g g,  of  homo- 
geneous colour,  and  fall  upon  a lens,  L,  of  short  focus,  fixed  in  a dia- 
phragm, M.  N.  Place  at  a little  distance  from  the  focus  a screen,  c s, 
with  a thin  fine  edge,  and  receive  its  shadow  on  a white  screen,  t t. 
The  line,  f s l,  which  would  be  the  boundary  of  the  geometrical 
shadow,  will  not  be  the  real  separation  of  light  and  shade.  The 
shadow  itself,  on  the  upper  side,  will  not  be  totally  dark,  but  will  be 
sensibly  illuminated  by  a faint  light,  gradually  shadowing  off;  and 
below  will  be  observed  fringes,  or  alternations  of  light  and  dark. 
The  first  is  a bright  band,  l,  parallel  to  the  edge  of  the  screen,  then  a 
dark  fringe,  B,  parallel  to  the  former.  This  is  called  the  black  fringe 


of  the  first  order;  then  again  a second  bright  band,  and  tlien  a l)lack 
one,  which  is  called  the  black  fringe  of  the  second  order;  and  so  on 
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If  we  now  examine  the  shadow  itself,  we  shall  find  that  it 
also  is  divided  by  parallel  fringes,  which  vary  in  number  and 
in  breadth,  according  to  the  distance  of  the  body  from  the 
shadow  that  is  examined. 

Now  these  phenomena  must  depend  upon  light  hent  some- 
how or  other  into  or  towards  the  shadoAV,  and  the  name  of 
inflection  has  been  employed  to  distinguish  them.  The  name  of 
diffraction  has  also  been  aj^plied  to  them. 

If  a screen  be  placed  on  one  side  of  the  inflecting  body,  and 
a little  behind  it,  so  as  to  cut  oflF  the  access  of  light  to  that  side, 
the  light  will  pass  by  on  the  other  side,  but  all  the  fringes  in 
the  shadow  will  disappear;  proving  that  the  fringes  in  the 
shadow  are  occasioned  by  the  interference  of  the  rays  bent  into 
the  shadow  on  one  side  of  the  body,  with  the  rays  bent  into  the 
shadow  on  the  other. 

§ 238.  “ The  law  of  this  interference  may  be  thus 
explained*.  Let  us  suppose  two  minute  pencils  of  fight,  radiat- 
ing from  two  points  close  to  one  another,  to  fall  upon  the  same 
spot  of  a piece  of  paper,  in  which  case  they  may  be  said  to 
interfere  with  one  another,  (for  if  the  paper  were  removed,  they 
would  cross  one  another  at  that  point).  Then  if  the  lengths  of 
their  paths  (or  the  distances  between  the  paper  and  the  two 
radiant  points,)  are  the  same,  they  will  form  a bright  spot  or 
fringe  of  fight,  having  an  intensity  greater  than  that  which 
would  have  been  produced  by  either  portion  alone.  Now  it  is 
found  that  when  there  is  a certain  difference  between  the 
lengths  of  their  paths,  a bright  fringe  is  produced,  exactly 
similar  to  what  is  produced  when  their  lengths  are  equal.  If 
we  represent  this  difference  by  the  letter  d,  then  similar  bright 
spots  or  fringes  would  be  produced  when  the  difference  in  the 
lengths  of  the  paths  are  2 d,  B d,  4^  d,  b d,  &c.;  but,  what  is  very 

successively  till  black  fringes  may  be  observed,  under  favourable  cir- 
cumstances, of  the  sixth  and  seventh  orders.  The  bright  bands 
become  less  and  less  brilliant,  till  they  are  confounded  with  the  light 
which  passes  by  the  edge  of  the  screen. 

All  the  colours  of  the  spectrum  produce  this  effect,  with  only  this 
difference,  that  in  passing  from  the  red  to  the  violet  they  become  nar- 
rower and  narrower.  It  is  for  this  reason  that  white  light  docs  not 
give  black  and  white  fringes,  but  fringes  of  different  colours  arising 
from  the  mixture  of  the  prismatic  colours  in  different  proportions. 

The  different  fringes  have  their  origin  in  the  edge  of  the  screen; 

* Buuwsteh. 
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remarkable,  it  is  clearly  proved,  that  if  the  pencils  of  light 
interfere  at  intermediate  points,  or  at  ^d,  2^d,  B\d,  then, 

instead  of  adding  to  one  another’s  intensity,  the  two  pencils 
of  light  destroy  one  another,  and  produce  a black  spot  or 
fringe”  (59).  The  distances  at  which  these  interferences  take 

and  by  tracing  them  at  different  distances  of  some  yards  from  this 
origin,  it  is  found  that  they  propagate  themselves  in  h3'perholic  curves, 
as  represented  upon  an  exaggerated  scale  in  the  preceding  diagram. 

The  concentration  of  the  light  by  a lens  is  not  necessary  to  the 
phenomena. 

T 
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Supposing  the  arrangement  to  be  as  before,  only  that  at  a little 
distance  from  the  focus  a hair,  or  fine  wire,  w w,  be  placed  in  the 
course  of  the  rays,  its  geometric  shadow  would  reach  to  s s,  on  the 
screen,  t t.  Beyond  this,  on  each  side,  s t,  s'  t',  fringes  may  be 
observed,  analogous  to  those  arising  from  the  edge  of  the  screen. 
These  are  called  exterior  fringes^. 

But  in  addition  these,  interior  fringes  may  he  observed,  occupying 
the  whole  width  of  the  shadow.  As  before,  they  are  larger  in  red 
than  in  violet  light,  &c.,  and  consequently  with  white  light  present 
colours  of  various  tints. 


(59)  If  light  he  allowed  to  enter  into  a dark  chamber  by  two 
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place  are  different  for  the  different  coloured  rays  of  the  spec- 
trum; and  hence,  although  with  homogeneous  light,  the  fringes 
are  only  of  the  colour  of  the  inflected  ray  alternating  with  Ijlack, 
when  compound  light  is  employed,  they  consist  of  various 
mixtures  of  the  rays  in  a definite  order. 

§ 239.  In  giving  even  the  most  superficial  account  of 
these  interesting  phenomena,  it  is  almost  impossible  to  avoid 
alluding  to  the  two  rival  theories  of  light,  for  the  purpose  of 
remarking  that  the  undulatory  hypothesis  explains  them  in  the 
most  satisfactory  manner,  and  taking  either  the  analogy  of 
liquid  undulations,  or  the  musical  vibrations  of  two  strings,  we 
shall  find  similar  interferences  occurring.  When  a system  of 
waves  on  water  interfere  with  one  another  at  certain  inteiwals  (60), 


intersect  one  another  at  a certain  distance,  and  it  he  received  upon  a 
white  screen,  the  shaded  circles  in  the  annexed  figure  Avill  define  the 
limits  of  the  illuminated  spaces ; the  common  segment  apod  will  be 
much  more  illuminated  in  its  interior  than  any  other  part,  and  the 
arcs,  ADC  and  a p c,  will  be  of  remarkable  blackness,  although  they 
receive  more  light  than  the  rest  of  the  circumferences  of  which  they 
form  a part. 

If  one  of  the  holes  he  closed,  the  points  in  a d c or  a p c become 
more  brilliant,  although  deprived  of  the  additional  light  from  the 
second  hole.  Light  added  to  light  thus  produces  darkness,  and  an 
obscure  space  becomes  lighted  by  the  abstraction  of  light. 

(60)  This  figure  represents  two  equal  series  of  waves  diverging 
from  the  centres  a and  b,  and  crossing  each  other  in  such  a manner, 
that  in  the  lines  tending  towards  c D E p they  counteract  each  other’s 


effects,  and  the  water  remains  nearly  smooth;  while  in  the  inter 
mediate  spaces  it  is  agitated.  The  experiment  may  easily  be  made, 
by  dropping  two  equal  pebbles,  at  the  same  moment,  into  a smoolli 
pond  of  water,  and  is  very  instructive. 
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the  force  of  one  is  added  to  the  force  of  the  other,  and  the 
height  of  the  waves  is  doubled;  but  when  they  interfere  at 
intermediate  intervals,  the  rise  of  one  corresponds  with  the  fall 
of  the  other,  and  both  are  obliterated.  Or  that  kind  of  alternate 
cessation  and  increase  of  sound  which  is  produced  by  two 
musical  notes  nearly  in  unison,  and  which  is  known  by  the 
name  of  beats,  presents  a striking  analogy  with  the  alternate 
luminous  and  black  fringes  arising  from  the  interference  of 
light. 


§ 240.  Thin  plates  of  different  substances  produce  analo- 
gous phenomena  of  colour  by  the  interference  of  the  rays, 
reflected  from  the  second  surface  of  the  plate,  with  the  light 
reflected  from  the  first  surface.  This  may  be  very  well  exem- 
phfied  by  thin  sheets  of  mica,  which  may  be  procured  of  any 
degree  of  tenuity,  by  splitting  the  edge  of  the  plate,  and  then 
rending  it  asunder  with  a sharj)  pull.  The  colours  depend  upon 
the  thickness  of  the  plate,  and  are  never  the  simple  colours  of 
the  prism.  Whatever  tints  are  thus  produced  by  reflected 
light,  the  complementary  tints,  or  those  colours  which  are 
required  to  constitute  white  light  by  mixture  with  them,  may 
be  found  in  the  bght  which  is  refracted  through  them.  The 
same  effects  are  produced  in  a very  beautiful  manner  in  soap- 
bubbles,  which,  as  they  grow  thinner  by  evaporation,  exhibit  a 
series  of  the  most  splendid  colours.  A drop  of  oil  thrown  upon 
a surface  of  water,  or  glass  blown  very  thin,  produces  similar 
results. 

Tlie  iridescent  colours  which  are  seen  upon  the  surface  of 
mother-of-pearl  are  referrible  to  fine  parallel  lines  formed  by  its 
texture;  and  are  produced,  in  a minor  degree,  even  by  the 
surface  of  sealing-wax,  upon  which  their  impression  has  been 
taken.  The  splendid  and  variable  colours  of  the  plumage  of 
many  birds  is  also  dependent  upon  their  fibrous  arrangement; 
while  in  the  gorgeous  colour  of  shells  and  fish  we  see  the  effects 
of  a thin  laminated  structure. 

§ 241.  But  the  most  beautiful  illustration  of  the  subject 
is  in  the  coloured  rings  of  Newton,  the  laws  of  which  were  illus- 
trated by  that  unrivalled  philosopher. 

He  placed  two  convex  lenses  of  long  focal  lengths  above  one 
another,  so  as  to  touch  at  their  summits.  They  were  kept 
together  by  three  pairs  of  screws  at  equal  distances  from  each 
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other,  so  as  to  produce  regular  pressure  at  the  point  of  contact. 
A regular  system  of  circular  rings  appeared  round  this  point, 
having  a black  spot  in  the  centre;  each  spectrum,  or  order  of 
colours,  consisting  of  fewer  colours  as  they  receded  from  the 
centre.  The  order  of  the  colours  of  the  thin  plate  of  air 
included  between  the  glasses,  is  given  in  the  following  table, 
both  for  reflected  and  for  transmitted  light: — 


Table  XXXIII.  Colours  of  Newton’s  Rings. 


Reflected  Light. 

Transmitted. 

, black. 

white. 

blue. 

yellowish  red. 

First  Spectrum  . . - 

white. 

yellow. 

orange. 

black. 

violet. 

' red. 

blue. 

indigo. 

white. 

blue. 

yellow. 

green. 

red. 

Second  Spectrum  . • 

yellow. 

violet. 

orange. 

red. 

blue. 

scarlet. 

— 

purple. 

green. 

Third  Spectrum  . . -i 

indigo. 

blue. 

yeUow. 

green. 

yellow. 

red. 

^ red. 

bluish  green. 

bluish  green. 

red. 

Fourth  Spectrum  . - 

yellowish  green. 
. red. 

hluish  green. 

Fifth  Spectrum  . . 

f blue. 

red. 

1 red. 

Sixth  Spectrum  . . 

blue. 

red. 

Seventh  Spectrum  . • 

greenish  blue. 
W'hite. 
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Sir  Isaac  Newton  ascertained  in  this  way,  by  direct  measure- 
ment, that  air  at  and  below  a thickness  of  half  a millionth  of  an 
inch  ceases  to  reflect  light,  and  at  and  above  a thickness  of 
seventy-two  millionths  of  an  inch  it  reflects  all  the  rays  of  the 
spectrum.  Between  these  two  limits  it  reflects  the  various 
orders  of  colours  set  doAvn  in  the  table. 

Water  at  and  below’’  a thickness  of  three-eighths  of  a mil- 
lionth of  an  inch  ceases  to  reflect  light;  at  and  above  fifty-eight 
millionths  it  reflects  white. 

And  glass  transmits  all  light  at  a thickness  of  one-third  of  a 
millionth  of  an  inch,  and  reflects  all  at  and  above  fifty-millionths 
of  an  inch  (61). 

§ 242.  That  alternating  motion  of  fight  to  which  these 
phenomena  must  be  referred,  and  which,  as  we  have  already 
observed,  must  be  as  real  as  the  motion  of  translation  itself,  is 
an  essential  condition  of  the  undulatory  hypothesis.  It  has 
been  accounted  for  less  happily,  upon  the  hypothesis  of  emis- 
sion, by  conditions  superadded  to  the  original  conception  of  the 
luminiferous  particles,  that  the  poles  of  the  latter  present  them- 
selves alternately  in  opposite  directions,  so  that  they  are  thereby 
endued  with,  what  Sir  Isaac  Newton  designated  as,  fits  of  easy 
reflection  and  transmission;  the  different  duration  of  which  in 
the  differently  coloured  rays  may  account  for  the  phenomena 
w’hich  w’e  have  been  discussing. 


(61)  The  an-angement  of  the  lenses  is  here  shown,  with  the 
coloured  concentric  rings  arising  from  the  thin  film  of  air  inclosed 


betw’een  them:  and  in  the  annexed  figure  they  are  exhibited  in  sec- 
tion; the  proportion  of  the  curvatures  being  much  exaggerated,  in 
order  to  show  the  gradual  increase  in  the  thickness  of  the  film. 
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§ 243.  The  law  of  ordinary  refraction,  which  we  have 
hitherto  considered,  is  very  far  from  general,  and  it  only  obtains 
where  the  refracting  medium  belongs  to  one  or  other  of  the 
following  classes: — 

1.  Gases  or  vapours. 

2.  Liquids. 

3.  Bodies  solidified  from  the  liquid  state  so  suddenly,  as 

not  to  admit  of  regular  crystalline  arrangement, 
such  as  glass,  jelly,  gums,  resins,  &c. 

4.  Crystallized  bodies  of  the  tessular  system,  or  that 

class  which  may  be  supposed  to  be  constructed 
of  spherical  particles,  such  as  the  regular  cube, 
octohedron,  &c. 

In  uncrystaUized  bodies,  whose  structure  is  indefinite,  we 
may  suppose  that  the  action  upon  light  is  the  same  in  every 
direction,  from  a system  of  compensation  which  takes  place 
amongst  their  molecules:  in  crystallized  bodies  of  the  tessular 
system,  the  same  equality  of  action  arises  from  the  regular 
molecular  structure  which  confers  upon  them  three  precisely 
similar  axes. 

These  solid  bodies  even  cease  to  belong  to  this  class  when 
they  are  forcibly  compressed  or  dilated  either  by  mechanical 
force  or  the  unequal  action  of  heat.  All  other  bodies,  such  as 
salts,  crystallized  minerals,  all  animal  and  vegetable  bodies  in 
which  there  is  a tendency  to  regularity  of  structure, — as  horn, 
quill,  mother-of-pearl,  &c., — act  upon  light  in  its  passage 
through  them  in  a very  different  manner.  They  divide  the 
refracted  portion  into  two  distinct  pencils,  each  of  which  pursues 
a rectilinear  course  within  the  medium,  according  to  its  ovm 
peculiar  law. 

§ 244.  The  best  exemplification  of  this  mode  of  refrac- 
tion is  to  be  found  in  a substance  called  Iceland  spar,  of  the 
rhombohedric  system  of  crystallization.  It  is  perfectly  trans- 
parent and  colourless,  and  susceptible  of  a high  polish.  It  may 
be  cleaved  or  broken  into  solids  of  a rhombohedral  form,  and 
the  natural  faces  are  generally  even  and  perfectly  polished 
(§  112). 

If  we  take  a rhombohedron  of  this  substance,  and  look  at  a 
small  illuminated  object  through  it,  or  a line  of  light  passing 
through  a slit  in  an  opaque  plate,  or  a black  line  upon  a sheet 
of  paper,  in  certain  positions,  two  images  of  the  object  will 
appear;  and  upon  turning  the  rhombohedron  round  in  its  own 
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plane,  so  as  to  make  a complete  revolution,  the  two  images  will 
assume  a regular  movement  with  regard  to  each  other,  and 
one  will  fall  upon  the  other,  or  coincide  with  it,  twice  in  the 
revolution;  and  it  will  be  easy  to  ascertain  that  these  coin- 
cidences take  place  in  two  positions  of  the  spar,  which  are 
directly  opposite  to  each  other.  The  maximum  separation 
occurs  at  the  two  intermediate  points  of  the  revolution,  and 
the  distance  is  proportioned  to  the  thickness  of  the  rhombo- 
hedron  (62). 

Hence  it  appears  that  a ray  of  light,  in  passing  through 
Iceland  spar,  is  split  into  two  by  some  force  residing  in  the 
crj^stal. 


§ 245.  Now,  the  line  which  joins  the  obtuse  angles  of 
such  a rhombohedron  is  designated  as  the  axis  of  the  crystal, 
(§  124,)  and  it  is  also  the  optic  axis  of  the  mineral.  Whenever 
a ray  of  light  passes  along  this  axis,  or  the  principal  section  or 
plane,  of  the  crystal  in  which  it  is  contained,  (and  which  may 
be  conceived  to  include  an  infinite  number  of  the  similar  axes 
of  the  primitive  molecules  of  which  it  is  composed,)  it  passes 
whole  and  undivided;  and  if  two  artificial  planes  be  ground 


(62)  If  we  place  the  rhombohedron,  as  in  the  annexed  figure, 
above  a shaip  line,  the  line  will  appear  doubled,  as  m n,  p q;  or  a dot 
will  be  doubled,  as  e o.  If  we  cause  a pencil  of  light,  u r,  to  fall 
upon  the  surface  of  the  crystal,  it  will  be  separated  into  two  rays, 
r 0,  r e,  which  will  respectively  emerge  at  o and  e,  in  the  directions 


oo',  e e',  parallel  to  r r.  The  same  phenomena  will  occur  by  making 
the  ray  r r fall  at  the  same  incidence,  and  in  the  same  direction  rela- 
tively to  the  summit  a,  upon  any  point  of  the  faces.  The  plane 
A c B D is  called  the  principal  section  of  the  crystal,  and  the  axis,  or 
the  line  which  may  be  drawn  from  the  solid  angle  a to  the  angle  b,  is 
contained  in  it. 
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parallel  to  one  another,  and  perpendicular  to  the  axis,  an  oljject 
will  appear  single  when  viewed  perpendicularly  through  them. 
In  this  direction  the  ray  of  light  is  equally  related  on  all  sides 
to  the  crystalline  forces,  and  hence,  as  in  all  directions  of  the 
tessular  system,  there  is  only  one  image.  In  all  other  directions 
the  ray  will  be  divided  into  two,  one  of  which  follows  (nearly) 
the  laws  of  ordinary  refraction,  and  may  be  denominated  the 
ordinary  ray;  the  other  varies  from  those  laws,  inasmuch  as  in 
general  its  plane  of  refraction  does  not  coincide  with  the  plane 
of  incidence,  and  the  sines  of  incidence  and  refraction  cease  to 
have  a constant  relation  to  each  other:  it  is  distinguished  as  the 
extraordinary  ray.  The  sines  of  incidence  and  refraction,  how- 
ever, of  the  extraordinary  ray,  are  always  constant  in  the  same 
suljstance  at  the  point  of  greatest  deviation,  which  happens 
when  the  ray  passes  along  a plane  at  right  angles  to  the  axis  of 
the  crystal;  and  in  certain  substances,  the  index  of  refraction  of 
the  extraordinar)’’  ray  is  sometimes  greater,  and  sometimes  less, 
than  the  index  of  refraction  of  the  ordinary  ray.  Hence,  cry- 
stals have  been  distinguished  as  repulsive  and  attracthm,  or 
negative  and  positive  crystals. 

There  are  crystals  of  other  substances,  again,  which  present 
two  optic  axes,  along  which  a ray  of  light  can  penetrate  without 
being  divided:  but  the  position  of  these  cannot  conveniently  be 
determined  with  regard  to  the  crystallographical  axis. 

§ 246.  If  the  rays  of  light  which  have  been  separated  by 
passing  through  a crystal  of  Iceland  spar,  be  made  to  pass 
through  another  crystal  placed  similarly  to  the  first,  there  will 
be  no  further  subdivision  of  the  light;  the  two  images  vdll  be 
merely  separated  to  a greater  distance  from  the  increased  thick- 
ness through  which  the  rays  pass.  If,  again,  the  two  crystals 
be  so  placed  that  the  principal  sections  are  at  right  angles  to 
each  other,  there  will  be  still  but  two  images ; but  the  ray  ordi- 
narily refracted  in  the  first,  will  become  extraordinary  in  the 
second,  and  the  extraordinary  ray  will  become  the  ordinary: 
but  at  all  intermediate  positions  of  tbe  two  crystals  there  mil 
be  a subdivision  of  each  ray,  and  consequently  four  images. 
These  four  images  will  be  of  equal  intensity  when  the  principal 
sections  of  the  two  crystals  are  at  an  angle  of  45°  to  each  other; 
at  all  other  angles  one  or  other  of  the  images  diminishes  in 
intensity  as  the  principal  sections  approach  to  a perpendicular 
or  parallel  position. 
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Each  ray  emerging,  then,  from  a crystal  of  Iceland  spar,  is 
only  subject  to  a further  division  in  particular  positions  of  a 
second  crj'stal;  whereas  natural  light  is  always  divided  into  two 
portions  of  equal  intensity.  Each  ray  has  suffered  a physical  ' 
change,  its  nature  has  been  altered;  it  is  not  acted  upon  by  the 
force  of  the  second  crystal  as  natural  light  would  be,  but  requires 
that  the  force  be  applied  in  a particular  direction  relatively  to 
the  modification  it  has  received  from  the  first  crystal. 

§ 247.  This  physical  change  has  been  called  polarization, 
a term  which  must  be  taken  to  indicate  ^‘opposite  properties  in 
opposite  directions,  so  exactly  equal,  as  to  be  capable  of  accu- 
rately neutrahzing  one  another*.’’  There  are  many  crystallized 
minerals  which,  when  cut  into  parallel  plates,  are  sufficiently 
transparent  to  allow  abundance  of  light  to  pass  through  them 
wdth  perfect  regularity,  which,  upon  its  emergence,  is  found  to 
have  acquired  the  peculiar  modification  here  in  question.  One 
of  the  most  remarkable  of  these  is  the  tourmaline.  If  we  take 
a well-polished  plate  of  this  mineral  of  moderate  thickness,  cut 
from  a crj’^stal  of  a brown  colour  in  a direction  parallel  to  the 
axis  of  the  prism,  a candle  may  be  seen  through  it  as  through  a 
plate  of  coloured  glass;  and  no  change  will  be  observed  upon 
turning  it  round.  If  another  similar  plate  be  interposed  between 
the  first  plate  and  the  eye,  and  turned  slowly  round  in  its  own 
plane,  the  candle  will  appear  and  disappear  alternately  at  every 
quarter  revolution  of  the  plate;  passing  through  every  gradation 
of  brightness,  from  the  maximum  to  a total,  or  nearly  total, 
evanescence,  and  then  increasing  again  by  the  same  degrees  as 
it  diminished  before.  If  we  attend  to  the  position  of  the  second 
plate  with  respect  to  the  first,  we  shall  find  that  the  maximum 
of  illumination  takes  place  when  the  axis  of  the  second  plate  is 
parallel  to  that  of  the  first. 

§ 248.  If  we  examine  the  two  pencils  of  light  after  sepa- 
ration by  a crj’^stal  of  Iceland  spar,  by  means  of  a plate  of  tour- 
maline, we  shall  readily  perceive  that  the  ordinary  image  (that 
which  is  not  deviated  from  the  axis  of  the  crystal)  acquires  its 
greatest  intensity  when  the  axis  of  the  tourmaline  is  perpen- 
dicular to  the  principal  section  of  the  rhombohedron,  and  that  it 
becomes  extinct  in  the  opposite  direction.  When  the  axis  of 
the  tourmaline  lies  in  the  principal  section  itself,  the  extra- 
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ordinary  image  (that  which  lies  out  of  the  axis  and  deviates 
from  it)  presents  phenomena  exactly  similar  to  the  former. 
The  fact  is,  that  in  the  tourmaline  itself  the  phenomenon  is 
one  of  double  refraction;  one  of  the  refracted  rays  being 
absorbed  by  the  substance  of  the  mineral  and  the  other 
transmitted. 

By  certain  contrivances,  which  it  would  be  foreign  to  our 
purpose  to  explain,  one  of  the  rays  of  calcareous  spar  may  be 
turned  aside  and  the  other  only  employed,  as  in  Nichols’  prism, 
which  possesses  the  advantage  over  tourmaline  of  being  free 
from  colour. 

§ 249.  The  polarization  of  a ray  of  light  may  also  be 
effected  by  reflexion.  It  takes  place  at  a certain  angle  of  inci- 
dence (which  is  therefore  called  the  polarizing  angle),  which  is 
different  for  different  substances.  When  a ray  of  light  is  made 
to  fall  upon  a polished  glass  surface,  at  an  angle  of  56°  45',  the 
angle  of  reflexion  will,  according  to  the  general  law,  be  equal  to 
the  angle  of  incidence;  and  if  in  this  position  it  be  viewed 
through  a plate  of  tourmaline,  it  will  exhibit  the  same  series  of 
phenomena  as  if  it  had  been  passed  through  another  plate  of  the 
same  substance.  The  hght  is  extinguished  when  the  axis  of  the 
tourmaline  is  parallel  to  the  plane  of  reflexion. 

If,  instead  of  viewing  the  reflected  ray  through  a tourmaline, 
we  place  another  plate  of  glass  so  that  the  reflected  ray  may  fall 
upon  it  at  the  same  angle  as  upon  the  first,  this  second  plate 
may  be  made  to  turn  round  its  axis  without  varying  the  angle 
which  it  makes  with  the  ray  which  falls  upon  it.  When  the 
two  planes  of  reflexion  coincide  with  each  other,  the  ray  of 
light,  or  luminous  object,  will  be  reflected  from  the  second  glass, 
in  the  same  manner  as  from  the  first;  but  if  we  turn  the  second 
glass  round  a quadrant  of  a circle,  so  as  to  make  the  planes  of 
reflexion  perpendicular  to  one  another,  the  whole  of  the  ray  will 
pass  through  the  second  glass,  and  none  of  it  will  be  reflected. 
Let  us  turn  the  second  glass  round  another  quadrant,  so  as  to 
make  the  planes  of  reflexion  again  coincide,  and  the  ray  will  be 
again  wholly  reflected.  When  the  glass  has  been  turned  round 
three  quadrants,  the  light  will  be  again  extinguished. 

As  both  the  pencils  of  light  into  which  a ray  is  divided  by 
passing  through  a rhombohedron  of  Iceland  spar  are  polarized, 
but  in  opposite  directions,  on  viewing  the  reflexion  of  a lamp 
from  glass,  at  the  proper  polarizing  angle,  through  such  a cry- 
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stal,  the  two  images  will  alternately  appear  and  disappear  as  it 
is  turned  upon  its  axis. 

§ 250.  It  may  perhaps  assist  our  comprehension  of  the 
connexion  of  these  phenomena  to  illustrate  them  by  a rough 
analogy:  a ray  of  common  light  as  it  is  emitted  from  a self- 
luminous  body  we  may  conceive  to  revolve  upon  an  axis  coin- 
cident with  its  own  direction,  as  a cylindrical  rod  may  be  made 
to  turn ; or,  which  comes  to  the  same  thing,  the  reflecting  or 
refracting  surface  may  be  made  actually  to  revolve  around  the 
ray,  as  an  axis,  preserving  the  same  relative  position  to  it  in  all 
respects,  and  no  change  in  the  phenomena  will  be  perceived. 

But  if,  instead  of  employing  such  a ray  of  ordinary  light,  we 
subject  to  the  same  examination  a ray  which  has  been  subjected 
to  the  action  of  certain  material  bodies,  and  has  become  polarized 
in  the  way  which  we  have  just  examined,  we  find  this  perfect 
uniformity  of  result  no  longer  to  hold  good.  It  is  no  longer 
indiiferent  in  what  jfiane,  with  respect  to  the  ray  itself,  the 
reflecting  or  refracting  surface  is  presented  to  it.  It  seems  to 
have  acquired  sides,  a right  and  left ; a front  and  back  ; and  to 
be  no  longer  like  tlie  cylindrical  stick,  but  like  a four-sided  one. 
If  we  imagine  a surface  to  be  made  up  of  detached  fibres,  all 
Ijfing  in  one  direction,  or  of  scales,  or  of  laminee,  arranged 
parallel  to  one  another,  we  should  find  no  difficulty  in  thrusting 
the  cylindical  stick  through  such  an  arrangement,  in  any  direc- 
tion ; but  a flat  ruler  would  only  penetrate  it  in  two  directions. 

The  two  rays  of  light,  polarized  in  opposite  planes,  after 
emerging  from  a rhombohedron  of  Iceland  spar,  may  be  repre- 
sented by  two  such  rulers  presented  to  the  bars  of  a grating,  in 
opposite  directions ; while  the  thin  edge  of  one  passed  freely 
between  them,  they  would  present  an  impassable  barrier  to  the 
other,  which  would  be  presented  to  them  crosswise.  Supposing 
the  grating  to  revolve  upon  its  axis,  on  the  completion  of  the 
first  quadrant,  the  first  would  be  arrested,  and  the  second  would 
pass  ; and  so  they  would  alternately  pass  and  l)e  stopped  at  each 
quadrant  of  the  turn. 

We  find,  however,  in  Professor  Wheatstone’s  experiments,  to 
which  we  have  before  referred  (§  214),  a much  more  refined  and 
natural  analogy  to  the  phenomena  of  polarized  light  in  sound. 
We  have  already  seen  that  when  a tuning-fork  is  connected 
with  one  e.xtremity  of  a straight  conducting-rod,  the  other  end 
of  which  communicates  with  a sounding-board,  on  causing  the 
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fork  to  sound,  the  vibrations  are  powerfully  transmitted.  But 
on  gradually  bending  the  rod,  the  sound  progressively  decreases, 
and  is  scarcely  perceptible  when  the  angle  becomes  a right  one. 
As  the  angle  is  made  more  acute  the  phenomena  are  produced 
in  an  inverted  order;  the  intensity  gradually  increases  as  it 
before  diminished,  and  when  the  two  parts  are  nearly  parallel,  it 
becomes  as  powerful  as  in  the  rectilinear  transmission.  By 
multiplying  the  right  angles  in  a rod,  the  transmission  of  the 
vibrations  may  be  completely  stopped. 

To  produce  these  phenomena,  it  is  necessary  that  the  plane 
of  the  oscillations  of  the  tuning-fork  should  be  perpendicular 
to  the  plane  of  the  moveable  angle,  for  if  they  be  parallel 
with  it,  they  will  be  stiU  considerably  transmitted.  Professor 
Wheatstone  placed  a tuning-fork  perpendicularly  on  the  side  of 
a rectilineal  rod,  in  which  position  it  was  maintained  during  the 
experiments:  the  vibrations  were  therefore  communicated  at 
right  angles.  When  the  plane  of  the  oscillations  of  the  fork 
coincided  with  the  rod,  the  intensity  of  the  transmitted  vibra- 
tions was  at  its  maximum;  in  proportion  as  the  plane  deviated 
from  paralleUism,  the  intensity  of  the  transmitted  vibrations 
diminished;  and,  lastly,  when  it  became  peqjendicular,  the 
intensity  was  at  its  minimum.  In  the  second  quadrant  the 
order  of  the  phenomena  was  inverted,  and  a second  maximum 
of  intensity  took  place  when  the  plane  of  the  oscillations  had 
described  a semi-circumference,  and  had  again  become  parallel, 
but  in  an  opposite  direction.  When  the  revolution  was  con- 
tinued, the  intensity  of  the  transmitted  vibrations  was  varied 
in  a similar  manner;  it  progessively  diminished  as  the  plane  of 
the  oscillations  deviated  from  being  parallel  with  the  rod, 
became  the  least  possible  when  it  arrived  at  the  perpendicular, 
and  again  augmented  until  it  remained  at  its  first  maximum, 
which  completed  its  entire  revolution. 

Referring  once  more  to  the  undulatory  theory,  the  undula- 
tions of  a ray  of  common  white  light  are  conceived  to  be  effected 
in  a direction  at  right  angles  to  that  of  its  path  in  every  imagin- 
able plane  around  it:  by  polarization  these  vibrating  motions 
are  reduced  to  two  planes  perpendicular  to  each  other. 

§ 251.  This  state  of  polarization  once  acquired  by  light, 
is  retained  by  the  ray  in  all  its  future  course  (provided  it  be 
not  again  modified  by  other  bodies),  for  it  matters  not  how 
great  the  distance  between  the  substance  operating  the  change 
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and  the  substance  by  which  it  is  afterwards  analyzed ; whether 
they  be  in  contact,  or  many  inches,  yards,  or  miles  asunder, 
not  the  least  variation  can  be  perceived  in  the  phenomena  in 
question. 

§ 252.  Different  substances  polarize  light  by  reflexion  at 
different  angles. 


The  angle  for  Glass 

. is  56°  45' 

>9 

Water 

53°  11' 

>9 

Rock  crystal 

56°  58' 

99 

Iceland  spar 

• 

58°  51' 

99 

Sulphur  . 

• 

63°  45' 

99 

Diamond 

68°  1' 

§ 253.  Light  may  also  be  polarized  by  successive  reflexion, 
from  the  different  surfaces  of  several  plates  of  transparent  sub- 
stances at  other  angles,  as,  for  instance,  from  a pile  of  five  or 
six  glass  jilates:  and  the  portion  which  in  this  case  penetrates 
through  the  pile,  is  found  to  be  exactly  equal  to  the  former, 
and  also  to  be  polarized,  but  in  the  opposite  plane. 

§ 254.  But  the  most  interesting,  as  well  as  the  most 
splendid,  of  all  the  phenomena  of  polarized  light,  are  the  vivid 
and  gorgeous  colours  which  are  developed  by  the  action  of 
crystaUized  plates,  under  certain  conditions.  If  a ray  of  light, 
polarized  in  any  of  the  ways  which  we  have  described,  be  made 
to  traverse  a thin  plate  of  mica,  or  sulphate  of  lime,  which  is 
perfectly  diaphanous  and  colourless  to  common  light,  and  then 
analyzed  by  a plate  of  tourmaline  in  that  particular  position  in 
which  without  the  plate  it  would  wholly  disappear,  the  ray  will 
appear,  but  coloured  in  the  most  splendid  manner  with  different 
tints,  dependent  upon  the  thickness  of  the  plate ; the  tint  will 
also  vary  with  different  degrees  of  inclination  of  the  plate,  these, 
in  fact,  being  equivalent  to  different  thicknesses.  There  are, 
however,  certain  thicknesses  dependent  upon  the  nature  of 
the  crystallized  plate,  beyond  which  the  phenomena  are  not 
produced. 

If  the  analyzing  plate  be  now  turned  upon  its  axis,  the  ray 
will  exhibit  at  the  first  quadrant  the  complementary  colour,  or 
that  colour  which,  if  superimposed  upon  the  first,  would  jDroduce 
white  light;  but,  continuing  the  rotation,  it  will  re-appear,  at 
the  position  opposite  to  the  first,  with  the  original  tint.  It 
thus  appears  that  the  original  polarized  ray  suffers  a bifurcation 
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— or  bipoJarization,  by  its  passage  through  the  crystallized 
plate,  and  that  its  plane  of  polarization  is  altered.,  This  splitting 
of  the  polarized  ray  differs  from  that  which  takes  place  when 
the  rays  pass  from  a rhomhohedron  of  Iceland  spar  into  another 
with  its  axis  at  right  angles  to  the  first:  for,  in  the  latter  case, 
all  the  rays  are  equally  divided  in  the  two  pencils,  and  con- 
stitute white  light,  while  in  the  former  the  colours  of  two 
halves  of  the  spectrum  are  combined  in  the  oppositely-polarized 
rays. 


§ 255.  These  phenomena  appear  more  striking  when  the 
analysis  of  the  ray  is  made  with  Iceland  spar,  for  then  two 
images  are  seen  together  of  complementary  colours;  and  they 
are  proved  to  he  complementary  by  their  producing  white  light 
at  the  point  at  which  they  coincide  or  overlap  each  other. 

§ 256.  When  the  original  polarized  ray  is  made,  how- 
ever, to  pass  along  the  optic  axis  of  the  crystaUized  plate,  it 
exhibits  none  of  these  phenomena. 

Another  series  of  beautiful  appearances  present  themselves 
when  a ray  of  white  polarized  light  is  made  to  traverse  perpen- 
dicularly a plate  of  any  crystallized  substance  with  a single 
axis.  If  it  be  then  examined  with  a plate  of  tourmaline,  a 
series  of  concentric  rings  will  be  perceived,  of  different  most 
vivid  colours.  The  phenomena  wiU  change  their  aspect  with 
the  position  of  the  tourmaline.  When  the  axis  of  the  tourma- 
line is  in  the  primitive  plane  of  polarization  the  rings  will  be 
traversed  by  a beautiful  black  cross,  extending  its  arms  to  a 
great  distance.  When  the  axis  of  the  tourmaline  is  in  the 
opposite  direction,  the  black  cross  will  he  replaced  by  a white 
one,  and  in  all  respects  the  second  image  will  he  complementary 
to  the  first  (63). 


(63)  These  changes  are  represented  in  the  annexed  figures. 
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§ 257.  Iceland  spar  (or  calcareous  spar)  presents  this 
phenomenon  in  great  perfection';  l)ut  all  other  crystallized 
Ijodies  with  one  axis  of  double  refraction,  exhibit  similar 
systems  of  rings.  It  is,  however,  very  remarkable  that  some 
crj'stals  exhibit  this  action  in  opposite  directions.  Thus,  if  we 
take  a system  of  rings  formed  by  ice  or  zircon,  and  combine  it 
with  a system  of  the  same  diameter  formed  by  Iceland  spar,  the 
two  systems  will  destroy  one  another;  and  hence  it  is  concluded 
that  the  system  of  rings  produced  by  these  crj^^stals  are  positive, 
or  opposite  in  character,  to  the  negative  system  of  rings  in 
calcareous  spar. 

§ 258.  Crystals  which  have  two  axes  of  double  refrac- 
tion present  double  systems  of  rings  when  examined  in  the 
same  way,  and  the  changes  produced  in  the  combinations  of 
the  black  and  white  crosses  with  the  coloured  rings,  when  the 
crystal  and  the  tourmaline  are  turned  upon  their  axes,  are  of 
the  most  interesting  description,  but  are  too  complicated  to 
find  a place  in  the  cursory  glance  which  it  consists  with  our 
present  design  to  cast  upon  this  beautiful  department  of 
natural  philosophy  (64). 

The  relation  of  the  phenomena  of  double  refraction  to  the 
different  systems  of  crystallization  has  been  already  pointed  out 
in  Table  VIII. 

Suppose  p p'  to  represent  the 
plate  of  mineral,  cut  perpendi- 
cularly to  its  axis;  the  polar- 
ized rays  form  a species  of 
luminous  cone,  0 B b',  of  which 
the  apex,  o,  is  in  the  eye,  and 
the  base,  b b \ has  a diameter 
variable  with  the  distance,  and  of  which  the  axis  c 0 coincides  Avith  the 
axis  of  the  crystal.  The  different  rays  of  this  cone  experience  very 
different  effects;  those  Avhich  lie  near  the  axis  c o,  traverse  the  plate 
Avithout  deviation,  and  are  therefore  subject  to  tAVO  refractions,  ordinary 
and  extraordinary;  hut  these  tAvo  refractions  are  abvays  accomplished 
in  the  same  plane,  because  every  perpendicular  section  passing  by  the 
axis  c o,  is  a principal  section.  Moreover,  the  different  rays  a o,  a'  o, 
equally  distant  from  the  axis,  suffer  very  different  modifications  in 
their  planes  of  polarization ; and,  from  the  interference  of  the  rays,  so 
oppositely  polarized,  present  the  succession  of  colours  Avhich  Ave  have 
described. 

(64)  These  figures  may  convey  an  idea  of  the  phenomejia  pre- 
sented by  a crystal  of  nitre,  which  belongs  to  the  binaxial  systems. 
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§ 259.  These  phenomena  are  not  only  presented  by 
regularly  crystallized  bodies,  but  mechanical  pressure  is  capable 
of  conferring  a structure  which  will  develope  them.  Thus  the 
bending  of  a slip  of  glass  will  enable  it  to  act  upon  polarized 
light  at  the  part  of  greatest  tension,  in  the  same  manner  as  a 
crystal  of  carbonate  of  lime. 

Plates  of  glass  which  have  been  heated  and  suddenly  cooled, 
present,  when  analyzed  by  a polarized  ray  which  has  been 
transmitted  through  them,  rings  and  crosses  and  coloured  tints 
which  depend  upon  the  form  of  the  plate;  a square  plate  of 
unannealed  glass  thus  examined  presents  at  its  four  angles 
small  circular  figures  separated  by  a large  black  cross.  These 
small  circular  figures  also  appear  at  the  corners  of  any  rectangle; 
but  the  cross  is  replaced  by  coloured  bands  parallel  to  the 
greater  sides  of  the  rectangle.  A round  plate  exhibits  concen- 
tric coloured  rings,  intersected  by  a large  cross;  if  the  circle  be 
ground  down  to  a square,  the  original  disposition  of  the  colours 
wiU  return;  or  if  the  corners  of  the  square  be  ground  off,  the 
circles  will  make  their  appearance  (65). 

In  all  these  cases,  upon  turning  the  analyzing  plate  upon  its 
axis,  the  colours  change  to  the  complementaiy  colours  at  the 
opposite  quadrants,  and  the  black  cross  to  the  white. 


subjected  to  the  action  of  polarized  light,  in  opposite  positions  of  the 
analyzing  plate^ 


(65)  These  figures  represent  the  position  of  the  black  cross,  and 
coloured  circles,  in  a square  and  circular  piece  of  unannealed  glass. 
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§ 260.  These  effects  are  due  to  the  forced  state  of  com- 
pression in  which  the  particles  of  the  glass  are  held  by  the 
sudden  cooling  of  the  outer  layer,  and  they  entirely  disappear 
when  the  glass  is  perfectly  annealed.  The  direction  of  the 
force,  and  the  consequent  arrangement  of  the  particles,  is 
altered  every  time  any  portion  of  such  a mass,  even  the  slightest, 
is  removed;  and  thus  by  grinding  the  different  figures  down  to 
others,  the  tension  is  altered  in  certain  directions,  and  their 
consequent  action  upon  the  polarized  ray  is  also  altered.  If  a 
square  sheet  of  caoutchouc  be  stretched  at  its  four  corners,  and 
one  of  them  be  then  cut  off,  the  manner  in  which  it  wall  retract 
itself  from  this  point  will  explain,  by  a rough  analogy,  the  mode 
in  which  the  particles  of  unannealed  glass  are  affected  by  the 
mechanical  removal  of  any  portion  of  their  aggregate. 

§ 261.  There  is  one  more  class  of  these  phenomena  to 
which  we  must  yet  refer.  If  a ray  of  polarized  light  be  passed 
through  a plate  of  quartz,  cut  at  right  angles  to  its  axis,  upon 
examination  it  will  not  be  found  polarized  in  the  same  manner 
as  in  crystals  with  one  axis,  but  the  place  of  the  black  cross 
be  occupied  by  colours  which  fill  up  the  first  ring,  and 
encroach  upon  the  rest.  These  colours  vary  with  the  thickness 
of  the  plate,  but  they  suffer  no  change  by  turning  the  plate 
round  upon  its  axis.  Suppose  the  colour  in  the  centre’  of  the 
ring  to  be  red;  let  the  analyzing  plate  to  be  turned  round  from 
right  to  left,  keeping  its  inclination  invariable,  and  the  red 
colour  will  change  successively  to  orange,  yellow,  green,  and 
violet,  the  analyzing  plate  acquiring,  as  it  were  by  its  rotation, 
the  power  of  transmitting  these  colours  in  succession;  a result 
which  is  perfectly  explained  by  supposing  that  the  rays  of  each 
of  these  colours  are  polarized  in  different  planes.  Upon  trying 
different  specimens  of  quartz,  M.  Biot,  the  discoverer  of  this 
species  of  circular  polarization,  found  several  in  which  the  very 
same  phenomena  were  produced  by  turning  the  analyzing  plate 
in  the  opposite  direction,  from  left  to  right. 

§ 262.  Upon  examining  this  remarkable  property  with 
homogeneous  light  of  different  colours,  it  will  be  found  that, 
when  the  yellow  ray  is  transmitted,  it  becomes  fainter  and 
fainter  as  the  plate  turns  round,  till  at  a certain  angle  of  rotation 
it  totally  disappears:  the  homogeneous  red  ray  disappears  at 
a less  angle  of  rotation;  and  the  homogeneous  violet  at  a greater 
angle. 
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The  rotation  of  the  plane  of  polarization  is  proportional  to 
the  thickness  of  the  plate^  for  all  plates  cut  from  the  same 
crystal:  and  upon  placing  two  plates,  one  upon  the  other, 
which  act  in  opposite  directions,  the  effect  will  be  the  same 
as  from  a plate  having  a thickness  equal  to  the  difference 
between  the  two. 

§ 263.  Quartz  is  the  only  solid  substance  which  has  yet 
been  found  to  possess  this  property;  but  some  liquids,  and  even 
gases,  are  endued  with  it. 

The  essential  oil  of  turpentine  turns  the  planes  of  polariza- 
tion from  right  to  left;  the  essential  oil  of  lemons  from  left  to 
right.  This  is  the  more  remarkable,  inasmuch  as  the  chemist’s 
art  fails  to  detect  any  difference  in  the  ultimate  composition  of 
these  two  liquids. 

Solutions  of  camphor  in  alcohol,  and  of  sugar  in  water, 
present  the  same  series  of  phenomena  as  quartz,  only  differing 
in  intensity.  The  apparatus  with  which  these  observations 
may  be  made,  consists  of  a metallic  tube  of  sufficient  length, 
closed  at  its  two  ends  vdth  parallel  plates  of  glass.  This  tube 
is  filled  with  the  liquid  to  be  examined,  and  a ray  of  polarized 
light  is  passed  through  its  axis,  which  is  subjected  at  its  emerg- 
ence to  the  action  of  an  analyzing  plate. 

The  phenomena  are  more  simple,  when  a ray  of  homoge- 
neous light  is  submitted  to  the  experiment,  and  a particular 
glass  stained  with  oxide  of  copper,  answers  the  purpose 
perfectly  of  stopping  aU  but  the  red  ray.  The  analyzing  plate 
is  set  in  the  centre  of  a graduated  circle  which,  turning  with  it, 
indicates  the  polarizing  angle  with  great  accuracy  by  a vernier 
upon  its  edge.  Upon  looldng  through  such  an  arrangement, 
no  light  penetrates  the  plate  except  at  this  angle,  which  is 
greater  or  less  according  to  the  nature  of  the  liquid,  the  depth 
of  the  interposed  stratum,  or  the  quantity  of  the  substance  in 
solution. 

When  liquids  are  mixed  with  each  other,  which  are  either 
inactive  or  active  in  the  same  or  opposite  directions,  the  total 
effect  is  always  equal  to  the  sum,  or  the  difference,  of  the 
separate  actions.  Even  when  they  pass  into  the  state  of  vapour, 
they  retain  their  pov'^er,  as  M.  Biot  ascertained  by  experiment- 
ing upon  the  vapour  of  turpentine  in  long  tubes. 

§ 264.  The  superiority  of  the  undulatory  theory  lias 
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frequently  been  manifested  by  the  readiness  with  which  it  has 
been  found  to  meet  unforeseen  phenomena,  as  well  as  the  happy 
predictions  which  it  has  enabled  the  masters  of  science  to 
make  and  verify.  These  new  phenomena  of  circular  polari- 
zation have  been  immediately  met  and  explained  by  the  sup- 
position of  a circular  motion  accompanying  the  oscillatory  one 
of  the  particles  of  the  ether,  which  is  called  into  action  by  the 
substances  from  which  it  originates.  To  assist  the  comprehen- 
sion of  such  complicated  movements  the  Reverend  Professor 
PoweU  has  contrived  an  ingenious  machine  by  which  the 
movements  of  particles  in  states  of  plane,  circular,  and  ellip- 
tical undulation  may  be  roughly  represented.  Such  an  aid 
to  our  first  conception  of  a subject  so  purely  ideal  and  remote 
from  experience  is  highly  useful,  and  is,  therefore,  described 
below  (66). 

§ 265.  In  the  instances  above  adduced  of  circular  polari- 


(66)  In  fig.  1,  the  axis  A a!  consists  of  a stout  Iron  wire,  bent  into 
a series  of  cranks,  of  which  the  two  extreme  ones  are  in  the  same 
position,  and  tlie  intermediate  ones  in  intermediate  inclinations,  as  is 
expressed  by  their  positions  in  respect  to  the  dotted  circles  described 
about  their  common  axis,  a a'.  Attached  to  each  crank  by  a hinge  or 
joint,  is  a long  rod,  u &c.,  which  passes  through  a loop,  b b',  &c., 
projecting  from  the  cross  bar  at  top,  c c',  and  their  summits  are  made 
conspicuous  by  being  painted  white,  the  rest  of  the  apparatus  being 
black.  The  hai',  c c,  is  attached  to  the  supports  a'  c'  a c by  pegs  at 
D D,  and  can  he  removed  without  deranging  the  rods  to  the  positions 
r>' d',  D D . When  the  bar  is  at  d d,  on  turning  the  handle,  a plam 


h 
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zation,  we  are  presented  with  phenomena  dependent,  not  upon 
structure, — that  is  to  say,  the  positions  and  mutual  distances  of 
the  particles  with  regard  to  each  other, — but  upon  the  nature  of 
the  vdtimate  particles  themselves.  This  peculiar  action  of 
matter  upon  light  may  even  afford  the  means  of  detecting 
varieties  in  the  nature  of  substances  which  elude  the  more 
direct  means  of  chemical  examination,  and  M.  Biot  has  shown 
that  mixtures  of  the  sugar  of  the  cane  and  of  grapes  may  thus 
be  recognised  and  estimated,  which  would  utterly  defy  the 
powers  of  chemical  analysis. 

He  has  applied  the  property  with  success,  as  a test  of  the 
value  of  different  samples  of  the  expressed  juice  of  beet-root  in 
the  manufacture  of  sugar,  and  has  thus  conferred  even  a com- 
mercial importance  upon  a discovery,  which  at  first  appeared  to 
have  as  little  relation  as  possible  to  the  arts  or  conveniences  of 
life. 

He  has  also  applied  it  to  the  determination  of  the  existence 
and  quantity  of  sugar  in  the  urine  of  diabetic  patients.  The 
progressive  influence  of  remedies  upon  this  formidable  disease 
may  thus  be  determined  from  day  to  day  by  simple  inspection, 
and  the  physician  can  direct  his  practice  accordingly. 

An  apparatus  which  can  exhibit  aU  these  phenomena  uath 
sufficient  precision  for  purposes  of  illustration,  and  which  can 
be  constructed  at  a moderate  expense,  has  been  contrived  by 
Professor  Powell,  and  is  described  below  with  his  land  per- 
mission (67). 

§ 266.  Another  curious  application  of  the  properties  of 
polarized  light  has  been  made  to  practical  purposes;  and  such 


horizontal  wave  is  produced  by  the  balls;  when  at  d' d’,  an  elliptical; 
and  when  at  t>"  t>",  a circular  wave.  At  fig.  2,  an  attempt  has  been 
made  to  represent  the  halls  in  a state  of  elliptical  movement. 

It  is  to  the  balls  alone  that  the  attention  is  to  be  directed,  the 
mechanism  by  which  their  motions  are  produced  being  out  of  the 
question;  and  it  must  be  remembered  that  their  motions  only  approxi- 
matively  represent  to  the  eye  the  path  which  each  particle  is  supposed 
to  describe. 

(67)  The  apparatus  represented  in  the  next  page  is  fixed  verti- 
cally upon  any  convenient  support.  The  light  from  a flame  or  from 
the  clouds  is  thrown  into  the  required  direction  by  a small  plane 
mirror,  s,  into  the  polarizing  mirror,  p,  inclined  at  the  proper  angle  to 
the  axis.  It  thence  passes  through  a small  aperture  up  the  axis  of  the 
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examples  furnish  an  admirable  rebuke  to  those  who  affect  in 
their  ignorance  to  treat  with  disdain  all  such  scientific  researches 
as  cannot  at  once,  according  to  their  narrow  notions,  be  ren- 
dered useful. 

It  is  weU  known  that  in  dangerous  navigations,  a commander 
of  a ship  will  place  himself  at  the  mast-head,  for  the  purpose  of 
more  clearly  seeing  the  rocks  and  shoals  at  the  bottom  of  the 
sea : experience  has  taught  him  that  from  this  lofty  position 
they  are  more  visible  than  from  the  deck.  The  reason  of  this 
is  apparent  from  the  common  laws  of  the  reflexion,  and  refrac- 
tion of  light:  the  greater  the  angle  of  reflexion,  the  greater  the 
quantity  of  light  which  is  turned  aside,  and  the  less  that  which 
penetrates.  The  refracted  light  from  the  bottom  of  the  sea  is 
not  perceptible  amidst  the  glare  of  that  which  is  reflected  to  the 
lower  position,  for  the  eye  cannot  appreciate  an  addition  of  less 
than  -gigth  of  the  whole  quantity  which  affects  it:  but  at  the 
smaller  angle  from  the  higher  position,  the  reflected  light  is  so 
diminished  that  the  refracted  portion  makes  its  due  impression. 

Now  this  purpose  is  still  more  effectually  attained  by  viewing 
the  objects  at  the  bottom  of  the  sea  through  a polarizing  tube; 
for  at  the  proper  polarizing  angle,  nearly  the  whole  of  the  re- 
flected light  may  be  extinguished,  and  they  become  perfectly 
visible  by  their  direct  refracted  hght. 


brass  tube,  T,  in  which  is  inclosed  a common 
test-tube,  from  6 to  24  inches  in  length,  filled 
with  the  liquid  under  examination. 

The  analyzing  part,  a,  consists  of  a gra- 
duated rim,  w,  for  measuring  the  rotation  of 
the  index,  v,  attached  to  the  tube  containing 
R,  a rhomb  of  Iceland  spar,  at  least  I inch  or 
thick  in  its  natural  state,  having  a very 
small  hole,  h,  at  the  bottom,  through  which 
the  light  is  admitted.  In  the  upper  part, 
another  tube  slides,  carrying  a lens,  l,  w'hich 
magnifies  the  separation  of  the  images,  and' 
gives  two  sufficiently  large  well-defined  cir- 
cular images  of  n,  in  which  all  the  changes  of 
tint  can  be  distinctly  observed. 

Supports  are  omitted  in  the  figure,  and 
means  should  be  provided  for  measuring,  as 
accurately  as  possible,  the  length  of  liquid 
traversed  by  the  ray  in  the  tube. 
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IX.  RADIANT  HEAT. 

§ 267-  Radiant  heat,  as  contradistinguished  from  light, 
is  subject  to  all  the  laws  of  optical  phenomena,  but  is  variously 
affected  and  modified  by  different  forms  of  matter,  according  to 
the  intensity  with  which  it  is  propagated  or  projected.  The 
recent  experiments  and  investigations  of  M.  Melloni,  have 
even  rendered  it  highly  probable  that  differences  exist  between 
obscure  rays  of  heat  which  are  analogous  to  the  differences 
between  the  coloured  rays  of  light;  which  although  they  cannot, 
like  the  latter,  be  made  the  objects  of  sight,  may  be  estabfished 
by  certain  physical  properties  and  relations:  just  as  different 
physical  properties  may  be  found,  independent  of  their  colour, 
in  the  different  rays  of  luminous  spectra. 

Radiant  heat  like  light,  can  pass  through  a few  substances, 
but  is  arrested  by  the  greatest  number,  and  is  subject  to  re- 
ffexion,  absorption,  secondary  radiation,  refraction,  and  polar- 
ization. 

But  what  shall  we  say  with  regard  to  the  nature  of  this 
extraordinary  agent  which  we  thus  loosely  designate  as  heat? 
The  idea  of  a medium  of  communication  between  its  source  and 
the  objects  affected  by  it  is  as  necessary  as  in  the  case  of  fight; 
and  the  reasons  which  direct  us  to  the  hypothesis  of  undulations 
in  an  ethereal  medium  are  as  valid  for  one  case  as  the  other. 
The  supposition  of  a second  ether  interpenetrating  the  lumi- 
niferous ether  would  be  extravagant;  but  if  we  conceive  the 
vibrations  to  take  place  in  the  same  elastic  medium,  how  do 
the  calorific  undulations  differ  from  those  which  constitute 
fight?  In  direction?  in  velocity?  in  intensity? 

If,  again,  we  admit  the  explanation  with  regard  to  radiant 
heat,  how  shall  we  apply  the  hypothesis  to  the  different  classes 
of  phenomena  which  we  have  already  examined?  to  the  pheno- 
mena of  specific  heat?  of  latent  heat?  &c. 

The  boldest  imagination  could  scarcely  form  a conception  of 
undulations  rendered  latent  without  annihilation;  laid  up  in 
store,  as  it  were,  and  capable  of  being  drawn  forth  at  pleasure 
in  full  measure  and  intensity. 

We  cannot  have  a better  exemplification  of  the  true  value 
and  use  of  such  hypotheses,  and  we  ought  never  to  lose  sight  of 
the  great  lesson  which  is  conveyed  by  the  instance  before  us, 
viz.,  that  such  conjectures,  however  happy  they  may  be  in  their 
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applications,  should  never  be  dogmatically  contended  for  as  the 
true  physical  explanation  of  the  phenomena,  but  only  regarded 
as  useful  generalizations  and  temporary  helps  towards  that  com- 
pleteness of  knowledge  which  may  not  be  within  the  reach  of 
man  in  his  present  condition,  but  for  the  attainment  of  which 
he  is  permitted  and  encouraged  to  strive. 

With  a view  to  such  useful  and  practical  application,  the 
hypothesis  of  emission  is  best  adapted  to  tbe  calorific  pheno- 
mena which  we  have  examined;  according  to  which  bodies  are 
conceived  to  consist  of  particles,  each  of  which  gathers  round 
it,  by  its  attraction,  a quantity  of  an  imponderable  highly  elastic 
fluid,  to  which  the  name  of  caloric  has  been  given;  that  the 
particles  of  the  bodies  attract  each  other,  besides  attracting  the 
caloric,  and  that  the  particles  of  the  caloric  repel  each  other. 

The  phenomena  of  radiation  are,  on  the  other  hand,  best  and 
most  elegantly  explained  by  the  undulatory  hypothesis  of  an 
ethereal  medium;  and  to  these  let  us  now  turn  our  attention. 

§ 268.  When  the  rays  of  unmixed  light  are  absorbed, 
they  escape  the  cognizance  of  our  senses:  but  when  the  calorific 
rays  are  absorbed,  they  produce  the  sensation,  and  universal 
expansion,  of  heat.  If  a perfectly  transparent  colourless  glass 
tube  be  filled  with  ether,  and  be  placed  in  the  rays  of  the  sun, 
they  will  be  freely  transmitted  without  raising  the  temperature 
of  the  liquid:  but  if  a piece  of  charcoal  be  immersed  in  the 
ether,  the  radiant  heat  will  be  arrested,  and  the  temperature 
udll  speedily  rise  to  the  boiling-point. 

It  is  impossible  to  examine  and  experiment  upon  the  light 
of  the  sunbeam,  without  observing  that  it  is  accompanied  in  all 
its  afifections  by  calorific  rays.  We  obtain  foci  of  heat,  as  well 
as  luminous  foci,  from  concave  metallic  mirrors  and  convex 
glass  lenses,  according  to  the  laws  of  reflexion  and  refraction. 
The  laws,  however,  of  this  radiant  force  are  best  studied  in  its 
projection  from  terrestial  bodies,  whose  temperature  is  under 
our  command,  and  may  be  varied  for  the  purposes  of  experiment. 

§ 269.  The  intensity  of  radiant  heat,  like  that  of  light, 
and  for  the  same  reason,  decreases  as  the  square  of  the  distance 
from  the  source  of  the  rays: — thus,  if  a thermometer  protected 
from  the  influence  of  all  disturbing  causes,  be  observed  to  rise 
a certain  number  of  degrees  at  one  inch  distance  from  a heated 
surface,  it  will  indicate  four  times  less  heat  at  two  inches; 
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nine  times  less  at  three  inches;  aiicl  sixteen  times  less  at  four 
inches. 


§ 270.  The  primary  law  of  reflexion  at  an  angle  equal  to 
the  angle  of  incidence,  is  also  easily  recognised  by  holding  a 
bright  metallic  plate  before  a common  fire;  the  rays  of  heat 
may  then  be  turned  in  any  direction  according  to  this  law,  and 
tested  by  our  sensation;  when  we  see  the  image  of  the  fire  in 
the  mirror  we  also  feel  its  heat. 

If  we  fix  two  concave  metallic  mirrors,  at  a distance  apart 
of  about  ten  or  fifteen  feet,  with  their  axes  in  the  same  line 
and  with  their  faces  parallel  and  opposed  to  each  other,  upon 
placing  a thermometer  in  the  focus  of  one,  it  will  be  found 
sensible  to  the  eflFects  of  a heated  body  placed  in  the  focus  of 
the  other.  It  is  easy  to  assure  ourselves  that  the  eflFect  is 
owing  to  reflexion,  and  not  to  the  direct  raoliation  of  the  heated 
body,  by  removing  the  thermometer  out  of  the  focus,  and 
approaching  it  towards  the  source  of  heat,  when  it  Avill  be  found 
to  fall;  or  the  same  return  to  its  original  state  may  be  produced 
by  placing  a screen  between  the  thermometer  and  its  own 
mirror:  when  the  reflected  rays  will  be  cut  off,  although  the 
direct  communication  with  the  radiating  body  will  still  be  open. 
In  the  same  way  when  a red-hot  iron  ball  is  placed  in  one 
focus,  a piece  of  paper  will  be  scorched  in  the  other,  and 
gunpowder  and  phosphorus  may  be  inflamed  even  when  the 
temperature  of  the  ball  is  below  ignition  (68). 

The  heated  body  placed  in  one  of  the  foci  of  these  conjugate 
mirrors  throws  off  its  rays  in  all  directions,  and  those  which 
strike  upon  the  surface  of  the  nearest  mirror  are  reflected. 


(68)  The  annexed 
figure  shows  the  dis- 
position of  the  appa- 
ratus. A and  B are 
the  tw'o  polished  me- 
tallic mirrors.  The 
hot  iron  ball  is  placed 
in  the  focus,  c,  of  the 
JK.  mirror,  a,  towards 
which  it  radiates  its 

heat.  The  diverging  rays  are  reflected  in  a parallel  direction  upon  n, 
by  a second  reflexion  from  which  they  are  rendered  convergent,  and 
fall  upon  the  thermometer,  n,  placed  in  the  focus  to  receive  them. 
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according  to  the  law  wliich  has  been  so  often  stated,  in  a 
parallel  direction  upon  the  surface  of  the  second  mirror,  where 
they  undergo  a second  reflexion,  and  according  to  the  same  law 
are  made  to  converge  at  the  second  focus,  and  there  act  with 
their  concentrated  energy. 

§ 271.  Reflexion  from  the  concave  surface  of  a hollow 
cone  also  causes  rays  of  light  or  heat  to  converge  to  a focus, 
and  those  who  have  not  the  command  of  conjugate  mirrors, 
such  as  have  been  just  described,  may  easily  verify  the  above 
results  simply  by  a sheet  of  gilt  paper,  rolled  up  into  the  form 
of  a truncated  cone  with  the  metallic  siu'face  inwards.  If  a hot 
ball  be  placed  at  the  large  extremity  of  this  cone,  the  radiant 
heat  mil  be  reflected  to  a focus  beyond  the  smaller  end,  and 
phosphorus,  &c.,  may  be  fired. 

A silver  table-spoon,  held  between  the  fingers  before  a 
bright  fire,  in  such  a way  as  to  reflect  the  light  upon  the  hand, 
will  burn  the  hand,  or  even  scorch  a piece  of  paper  which  may 
be  interposed. 

§ 272.  Bright  metallic  bodies  being  the  best  reflectors  of 
heat,  in  the  experiments  above  described,  the  temperature  of 
the  mirrors  is  not  appreciably  raised;  but  if  their  surfaces  be 
dulled,  as  by  coating  them  with  lamp-black,  the  rays  are 
absorbed  by  the  mirror  which  is  the  nearest  to  the  heated  body; 
it  becomes  hot,  and  a small  and  almost  inappreciable  quantity 
is  transmitted  to  the  second  mirror.  Bodies,  however,  which 
thus  absorli  radiant  heat,  throw  it  off  again  by  a secondary 
radiation,  and  scatter  it  in  every  direction  as  from  a centre; 
and  it  has  been  ascertained  by  the  beautiful  experiments  of 
Sir  John  Leslie,  that  the  best  absorbents  of  heat  are  the  best 
radiators. 

Heat  propagated  by  regular  reflexion,  loses  none  of  its 
intensity  by  increasing  the  distance  which  it  has  to  traverse, 
except  a minute  quantity  which  is  due  to  the  absorption  of  the 
medium  through  which  it  passes;  but  when  j^ropagated  by 
secondary  radiation,  it  decreases  directly  as  the  square  of  the 
distance.  Two  portions,  therefore,  under  these  difiereiit  cir- 
cumstances, may  easily  be  distinguished  from  each  other  by 
these  different  properties. 

Reflexion  takes  place  from  the  surfaces  of  bodies  which 
possess  the  property,  but  radiation  is  supposed  to  take  place 
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not  from  the  exact  surface  alone  of  the  hot  body,  but  from  all 
particles  situated  within  a certain  small  depth  of  the  surface. 
On  this  supposition,  a ray  emitted  obliquely  from  an  internal 
particle  will  be  less  intense  than  one  sent  forth  perpendicular  to 
the  surface,  because  the  former  will  be  intercepted  in  a greater 
degree,  having  a greater  length  of  path  within  the  body;  and  it 
has,  in  fact,  been  shewn  that  the  radiative  intensity  is  as  the 
sine  of  the  angle  made  by  the  ray  with  the  surface. 

§ 273.  Sir  J.  Leslie  obtained  most  of  his  results  upon 
the  radiating  and  absorbing  powers  of  bodies  with  the  simple 
apparatus  of  a cubic  tin  canister,  which  he  heated  by  filling  it 
with  boiling-water,  and  then  by  coating  three  of  the  sides  with 
diflferent  substances,  he  compared  their  several  effects  upon  a 
delicate  thermometer,  placed  at  the  same  distance  from  each, 
with  that  of  the  fourth  side  which  was  left  in  its  bright  and 
polished  state.  By  these  means  he  found  that  taking  the 
quantity  of  heat  radiated  by  lamp-black  as  100,  the  radiating 
power  of  a surface  covered  with  glue  was  80,  and  of  the  clear 
metal  12.  The  following  table  was  also  constructed  from  Pro- 
fessor Leslie’s  experiments: — 


Table  XXXIV.  Radiating  Powers. 


Lamp-black 

. 100 

Tarnished  lead  . 

. 45 

Sealing-wax 

. 95 

Clean  lead 

. 19 

Writing-paper  . 

. 98 

Polished 

iron 

. 15 

Crown-glass 

. 90 

Tin 

China  ink 

. 88 

Gold 

■ polished 

. 12 

Red  lead  . 

. 80 

Silver 

Plumbago 

• 75 

Copper  . 

He  also  found  that  the  direction  of  the  lines  by  which  the 
surface  was  roughened  had  a considerable  effect  upon  the  result. 
He  scratched  a bright  metallic  surface  with  a number  of  fines  in 
one  direction,  and  found  the  force  of  radiation  increased:  he 
then  scratched  a similar  surface  with  the  same  number  of  fines, 
half  of  which  crossed  the  others  at  right  angles,  and  obtained  a 
still  greater  effect.  The  power  of  projection  seemed  to  depend 
upon  the  number  of  points  produced. 

§ 274.  M.  Melloni  has  lately  ascertained  by  experiment, 
that  these  differences  in  metallic  bodies  do  not  arise  from 
differences  in  the  state  of  their  surfaces,  but  from  changes  in 
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their  densities.  To  determine  this,  it  is  necessary  to  make  the 
observations  with  metals  which  are  not  easily  oxidizable;  for 
tlie  thin  coat  of  oxide  which  forms  upon  tin,  or  zinc,  or  brass, 
is  known  to  radiate  much  better  than  the  metals  themselves. 
He  formed  two  vessels  of  pure  silver,  one  of  well-hammered 
plate,  and  the  other  of  cast  metal  slowly  cooled.  He  polished 
one  side  of  each  very  highly,  and  the  other  he  scratched  with 
emery  paper  in  one  direction  only,  and  filling  them  both  with 
hot  water,  he  found  the  following  difference: — 


the  polished  face  of 
1 the  hammered  metal. 

jgofFor  the  scratched  face  of 
* the  same. 


jgo»-fFor  the  polished  face  of 
the  cast  metal. 

lloglFor  the  scratched  face  of 
1 the  same. 


Comparing  these  results  it  will  be  found; — 1st.,  That  in  the 
case  of  the  polished  surfaces,  the  cast  metal  radiated  nearly  ^rd 
more  than  the  forged;  showing  the  superiority  of  the  lesser 
density; — 2dly.,  That  in  the  case  of  the  scratched  surfaces,  not 
only  does  the  hammered  metal  show  an  augmentation  of  radiant 
power  of  -Jths,  but  the  cast  metal  a diminution  of  nearly  ^th. 

The  latter  unexpected  effect  arises,  according  to  M.  MeUoni, 
from  the  compression  of  the  soft  surface  of  the  cast  metal  by 
the  action  of  the  hard  emery. 


§ 275.  The  relation  of  the  powers  of  reflexion,  absorp- 
tion, and  radiation,  and  the  equality  of  the  two  latter  in  similar 
surfaces,  is  well  shown  by  an  experiment  of  Dr.  Ritchie.  He 
placed  a hollow  metallic  vessel  filled  with  hot  water,  between 
the  two  metallic  discs  of  an  air  thermometer.  The  surface  of 
one  disc  was  bright  and  polished,  and  of  the  other  covered  with 
lamp-black.  One  of  the  surfaces  of  the  heated  vessel  was 
also  bright  and  polished,  and  the  opposite  surface  similarly 
blackened.  When  the  apparatus  was  so  arranged  that  a black 
was  opposed  to  a metallic  surface,  no  effect  was  produced  upon 
the  hquid  of  the  thermometer;  but  when  the  blackened  surface 
of  the  heated  vessel  was  opposed  to  the  blackened  disc,  the 
expansion  of  the  air  indicated  a strong  transmission  of  heat. 
In  the  first  position,  the  good  radiating  surface  of  the  heated 
vessel  was  opposed  to  the  good  reflecting  disc  of  the  thermo- 
meter, and  its  bad  radiating  surface  to  the  good  absorbent 
surface,  and  the  actions  were  exactly  balanced;  but  in  the 
second  position,  the  good  radiating  surface  was  opposed  to  the 
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good  receptive  surface,  and  the  two  bright  metallic  surfaces  to 
each  other,  so  that  everything  favoured  the  transmission  of  heat 
n one  side,  and  stopped  it  on  the  other  side,  and  the  liquid  of 
the  thermometer  instantly  indicated  the  inequality. 

§ 276.  These  principles  may  be  readily  illustrated  by 
easy  experiments,  or  by  the  results  of  common  experience.  If 
we  take  two  equal  tin  vessels,  brighten  the  surface  of  one,  and 
blacken  the  other,  we  shall  find  upon  filling  them  with  hot 
water,  that  the  water  in  the  blackened  vessel  will  cool  much 
faster  than  that  in  the  bright  vessel.  The  water  in  a bright 
silver  tea-pot  will  retain  heat  much  longer  than  water  of  the 
same  temperature  in  one  of  earthenware;  and  hence  the  supe- 
riority of  the  one  over  the  other  for  preparing  the  infusion. 
The  furniture  of  the  kitchen  will  also  afford  abundant  apparatus 
for  illustrating  the  principles  of  radiation,  absorption,  and 
reflexion,  and  their  economical  apj^hcations.  If  the  bottom  of 
the  kettle  be  bright,  we  shall  scarcely  be  able  to  boil  the  water 
which  it  contains:  but  the  moment  it  becomes  covered  with 
soot  the  heat  freely  passes  into  it.  If  the  whole  of  its  surface  be 
blackened,  the  water  will  soon  cool  when  removed  from  the  fire, 
and  it  is  in  its  most  efficient  state  when  its  sides  and  top  are 
bright,  and  its  bottom  coated.  By  the  meat-screen  and  the 
Dutch  oven  the  radiant  heat  of  the  fire  is  reflected,  and  con- 
centrated upon  the  operations  which  are  carried  on  behind 
them;  and  innumerable  other  instances  might  be  adduced  in 
which  experience  and  observation  had  probably  long  anticipated 
the  conclusions  of  experiment  and  science. 

Pipes  for  the  conveyance  of  hot  water  or  steam  should  be 
kept  perfectly  bright  and  polished;  while  at  those  parts  where 
they  are  destined  to  give  out  the  heat  to  the  surrounding  atmo- 
sphere they  should  be  roughened,  or  coated  with  some  good 
radiating  substance.  By  attending  to  such  circumstances,  Avhich 
might  to  the  uninformed  apjiear  trifling  and  unimportant,  the 
consumption  of  fuel  in  the  steam-engine  itself  has  been  greatly 
economized. 

The  thinnest  coating  of  gold  leaf  covering  the  finger,  will 
enable  a person  to  approach  it  within  a very  small  distance  of  a 
red-hot  iron  or  other  incandescent  body;  while,  if  unprotected, 
it  would  be  burnt  at  ten  times  the  distance.  And  the  same 
reflecting  power  may  Ije  rendered  visible  by  gilding  some  letters 
upon  a sheet  of  paper,  and  holding  a red-hot  iron  over  them, 
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when  the  uncovered  intervals  will  be  scorched,  but  the  letters 
themselves  will  be  untouched  and  conspicuous. 

§ 277-  The  radiation  of  heat  is  one  of  the  most  impor- 
tant processes  in  the  economy  of  nature,  and  it  is  one  of  the 
means  by  which  equilibrium  of  temperature  is  brought  about. 
Not  only  does  heat  travel  from  a hot  to  a cold  body  by  the 
processes  of  conduction  and  convection,  which  we  have  before 
examined,  but  it  is  projected  from  the  one  and  absorbed  by  the 
other,  at  a rate  dependent  upon  the  state  of  the  surfaces  of  the 
two.  In  every  assemblage  or  system  of  bodies,  as  for  instance 
the  various  objects  in  a room,  there  is  a tendency  in  each  to 
radiate  its  heat;  which,  if  met  by  an  equal  force  or  exchange 
in  others,  or  in  the  walls  of  the  apartment,  is  balanced  or 
restrained;  but  if  any  inequality  exist  in  the  system,  the  pro- 
jection takes  place  towards  the  weaker  point  till  the  balance  is 
restored  by  absorption. 

The  same  radiation  takes  place  upon  a large  scale  from  all 
the  substances  upon  the  surface  of  the  earth  towards  the  regions 
of  space;  which,  if  not  met  and  counteracted  by  the  radiation 
from  the  sun,  would  soon  annihilate  aU  organic  being  by  the 
rigors  of  an  eternal  frost. 

§ 278.  We  may  easily  obtain  evidence  of  this  tendency 
l)y  placing  in  the  focus  of  a concave  metallic  mirror  the  bulb  of 
a thermometer,  covered  with  some  good  radiating  substance,  as 
the  short  white  fibres  of  wool  or  cotton.  By  turning  this  appa- 
ratus towards  the  clear  sky,  the  thermometer  will  fall  several 
degrees.  It  is  protected  by  its  position  from  the  radiation  of 
surrounding  objects,  and  its  own  radiant  heat  is  projected 
towards  the  clear  space,  or  falling  upon  the  concave  surface  of 
the  mirror,  is  reflected  in  parallel  lines  in  the  same  direction. 
This  eflect  is  produced  even  while  the  sun  is  above  the  horizon, 
provided  the  mirror  be  turned  from  the  direct  rays  of  that  lumi- 
narj";  and  at  night  a depression  of  seventeen  degrees  below  the 
temperature  of  the  air  and  surrounding  objects  may  commonly 
be  produced.  Perfect  stillness  of  the  atmosphere  is  necessary, 
and  perfect  transparency  also,  for  otherwise  the  balance  of  tem- 
perature is  soon  restored  by  convection,  and  the  slightest  mist 
destroys  the  effect  by  a counter-radiation. 

§ 279.  It  was  upon  these  principles  that  Dr.  Wells  first 
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explained  tlie  formation  of  dew  in  one  of  the  most  beautiful 
experimental  essays  which  ever  graced  the  annals  of  inductive 
philosophy.  He  ascertained  that  the  formation  of  this  impor- 
tant phenomenon  was  always  preceded  by  the  cooling  of  the 
body,  upon  which  it  was  deposited,  below  the  temperature  and 
dew-point  of  the  air,  by  radiation.  Hence  it  is  that  the  best 
radiating  substances,  such  as  the  fibrous  and  filamentous 
textures  of  vegetables,  collect  this  moisture  most  abundantly; 
and  the  short-mown  grass-plat  will  be  covered  with  it,  while 
the  gravelled  walk,  or  compact  road  by  its  side,  will  remain 
perfectly  dry:  and  hence  it  is  that  dew  never  forms  on  a cloudy 
night,  or  when  there  is  wind  enough  to  restore  the  balance  of 
temperature  by  its  circulation. 

§ 280.  If  in  one  of  the  foci  of  the  conjugate  mirrors 
before  described,  a piece  of  ice,  or  a glass  filled  with  a freezing 
mixture,  be  placed  instead  of  a heated  body,  the  thermometer 
in  the  other  focus  will  indicate  a depression  of  temperature; 
and  the  experiment  has  sometimes  been  referred  to  as  proving 
cold  to  have  a positive  existence,  distinct  from  heat;  but  the 
phenomenon  is  easily  exphcable  upon  the  principles  which 
we  have  already  laid  down,  without  reference  to  any  new  hypo- 
thesis. In  the  new  arrangement,  the  thermometer  is  the  hotter 
body,  and  radiating  its  heat  upon  the  nearest  mirror  the  rays 
are  projected  upon  the  second,  and  collected  in  the  focus,  v’^here 
they  are  absorbed  by  the  ice;  and  as  no  adequate  return  is 
made,  the  temperature  of  the  thermometer  necessarily  falls. 
The  effect  is  exactly  the  same  as  that  of  radiation  directed  into 
clear  space,  just  described,  which  was  referred  by  Sir  J.  Leslie, 
to  cold  pulses  shot  downwards  from  the  sky. 

Radiation,  however,  was  ascertained  by  Sir  H.  Da^’y  to 
proceed  with  greater  energy  in  vacuo  than  in  the  air.  He,  by 
means  of  the  voltaic  battery,  ignited  charcoal  placed  in  the 
focus  of  a small  mirror  confined  in  the  exhausted  receiver  of  an 
air-pump.  The  receiver  being  exhausted  to  j-^th,  the  effect 
upon  a thermometer  placed  in  the  focus  of  another  mirror 
below,  was  nearly  three  times  as  great  as  when  the  air  was  in  its 
natural  state  of  condensation. 

§ 281.  The  law  of  the  cooling  of  bodies  by  radiation, 
which  is  approximately  stated  for  low  temperatures  by  saying 
that  the  temperature  communicated  is  proportional  to  the  excess 
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of  temperature^  was  more  correctly  ascertained  by  the  researches 
of  MM.  Dulong  and  Petit.  They  found,  1st,  that  in  vacuo 
the  quickness  of  cooling  for  a constant  excess  of  temperature 
increases  in  geometrical  progression,  when  the  temperature  of 
the  surrounding  space  increases  in  arithmetical  progression. 

2ndly,  that  the  quickness  of  cooling,  so  far  as  it  depends  on 
the  excess  of  temperature  of  the  hot  body,  increases  as  the 
terms  of  a geometrical  progression  diminished  by  a constant 
number,  when  the  temperature  of  the  hot  body  increases  in 
arithmetical  progression. 

§ 282.  It  has  long  been  known  that  the  heating  power 
of  the  sun’s  rays  depends  upon  the  colour  of  the  surfaces  upon 
which  they  fall;  and  that  dark  and  black  bodies  are  more 
heafed  than  those  which  are  of  light  tints,  or  white.  The  fact 
was  proved  by  Dr.  Hooke  and  Dr.  Franklin,  who  placed  pieces 
of  cloth,  of  similar  texture  and  size,  upon  snow,  allowing  the 
sun’s  rays  to  fall  equally  upon  them.  The  dark  specimens 
always  absorbed  more  heat  than  the  light  ones,  and  the  snow 
beneath  them  melted  to  a greater  extent  than  under  the  others; 
and  they  remarked  that  the  effect  was  nearly  in  proportion  to 
the  depth  of  the  shade.  With  regard  to  this  experiment,  the 
different  colours  stood  in  the  following  order, — black,  blue, 
green,  purple,  red,  yellow,  white. 

It  is  probable  that  the  absorption  of  some  kinds  of  terrestrial 
heat  may  also  be  affected,  in  some  degree,  by  the  colour  of  the 
objects  upon  which  the  rays  may  fall;  but  such  a distinction  of 
kinds  we  must  proceed  to  established. 

§ 283.  We  have  now  to  inquire  how  radiant  heat  is 
affected  by  its  passage  through  such  bodies  as  it  can  penetrate 
and  traverse.  All  the  ordinary  phenomena  which  we  observe, 
take  place  through  the  medium  of  the  atmosphere,  and  radiation 
will  proceed  through  any  gaseous  medium.  The  experiment  of 
Sir  H.  Davy  has  however  just  been  referred  to,  to  prove  that  it 
proceeds  with  least  obstruction  in  vacuo.  Observation  has 
also  proved  that  the  intensity  of  the  solar  rays  is  greater  upon 
the  summit  of  a lofty  mountain  than  at  its  base;  and  it  has 
been  caleulated  that  about  one-fifth  of  the  solar  heat  is  absorbed 
in  passing  through  a column  of  6000  feet  of  the  purest  air. 

As  it  is  by  the  passage  of  light  through  different  transparent 
media  that  we  distinguish  different  kinds  of  luminous  rays,  so 
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by  the  same  means  we  are  enabled  to  detect  different  kinds  of 
calorific  rays. 

§ 284.  Sir  Wm.  Herschel,  in  examining  the  solar  ray  by 
means  of  a prism  of  flint-glass,  found  the  greatest  heat  in  the 
red  ray,  or  even  in  the  dark  space  a little  beyond  itj  and  concluded 
that  radiant  heat  was  less  refrangible  than  the  least  refrangible 
of  the  rays  of  light.  Professor  Seebeck  subsequently  ascer- 
tained that  the  place  of  the  maximum  of  temperature  in  the 
solar  spectrum  depends  upon  the  chemical  composition  of  the 
substance  of  which  the  prism  is  made.  With  a hollow  prism 
filled  with  sulphuric  acid,  it  fell  within  the  hmits  of  the  orange 
space,  and  with  water  within  those  of  the  yellow. 

§ 285.  In  experimenting  with  colourless  and  perfectly- 
polished  and  transparent  glass,  one  striking  difference  imme- 
diately occurs  between  solar  heat  and  the  radiant  heat  of 
terrestrial  bodies;  it  allows  the  rays  of  the  former,  like  the  rays 
of  fight,  to  pass  through  it  with  little  obstruction,  while  it 
almost  wholly  arrests  the  progress  of  the  latter.  The  rays 
of  heat,  as  well  as  of  fight,  are  concentrated  in  the  focus  of  a 
concave  metallic  mirror,  and  the  greatest  heat  which  has  ever 
been  produced  by  art  has  thus  been  accumulated.  The  effect 
is  little  lessened  when  the  mirror  is  formed  of  silvered  glass,  in 
which  case  the  rays  which  are  reflected  from  the  bright  metallic 
surface  pass  through  the  interposed  substance  of  the  glass 
before  they  are  collected.  On  the  other  hand,  if  the  metallic 
mirror  be  held  before  a common  fire,  a burning  focus  will  be 
easily  found;  but  with  a glass  mirror  the  fight  of  the  fire  will 
be  reflected,  but  not  its  heat.  In  a similar  Avay  glass  lenses 
refract  both  the  fight  and  heat  of  the  sun,  and  hence  are 
familiarly  distinguished  as  burning-glasses;  but  when  held 
before  any  source  of  terrestrial  heat,  the  most  delicate  air 
thermometer  will  scarcely  be  affected. 

The  principal  effects  which  we  have  previously  described  of 
the  reflexion  of  dark  heat  from  the  conjugate  mirrors  are 
immediately  arrested  by  the  interposition  of  the  thinnest 
glass  plate.  This  property  of  glass  is  sometimes  usefully 
employed  where  it  is  desirable  to  see  the  fight  of  a fire  without 
being  incommoded  by  the  heat;  and  glass  screens  are  used  to 
protect  the  eyes  when  it  is  necessary  to  inspect  the  action  of  a 
hot  furnace. 
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The  radiant  force,  however,  is  not  lost  by  this  absorption  of 
the  glass:  it  receives  a new  direction;  the  glass  itself  becomes 
hot,  and  begins  to  throw  off  heat  by  secondary  radiation. 

§ 286.  This  distinction  between  solar  and  terrestrial  heat 
is  far  from  being  absolute  as  was  at  one  time  supposed;  for  by 
delicate  experiments  it  has  been  found  that  glass  will  arrest 
some  of  the  former  rays,  while,  on  the  other  hand,  it  will  allow 
some  of  the  latter  to  pass.  It  has  also  been  ascertained  that 
the  quantity  of  terrestrial  heat  which  may  be  transmitted  varies 
with  the  nature  of  its  source:  from  a good  radiating  surface  of 
the  temperature  of  boiling  water  it  is  scarcely  appreciable,  while 
from  the  flame  of  a gas  lamp  it  may  be  measured  by  the  air 
thermometer.  M.  De  Laroche  also  made  the  discovery  that 
the  heat  which  has  passed  through  one  plate  of  glass  is  less 
subject  to  absorption  when  passing  through  a second. 

§ 287-  The  difference  between  radiant  heat  and  light, 
and  heat  in  a lower  condition  of  intensity,  is  strikingly  illus- 
trated by  the  combustion  of  a flame  of  hydrogen  and  oxygen 
gases  in  which  no  solid  matter  is  concerned.  The  result  is  the 
vapour  of  water,  and  the  disengagement  of  the  greatest  heat 
which  art  can  command;  but  it  is  accompanied  by  very  httle 
light,  and  if  a convex  lens  be  held  before  it,  the  radiant  heat 
which  will  pass  through  it  will  scarcelj'^  affect  the  most  delicate 
air  thermometer.  If  a piece  of  solid  matter,  capable  of  resisting 
its  action,  such  as  a wire  of  platinum,  be  held  in  it,  radiation 
will  immediately  take  place.  A piece  of  lime  thus  presented  to 
flame  undergoes  no  chemical  change,  but  emits  a light  which 
almost  rivals  that  of  the  sun;  and  radiant  heat  is  at  the  same 
time  projected  of  sufficient  intensity  to  penetrate  the  lens,  and 
to  inflame  phosphorus  at  its  focus.  This  light  was  used  by 
Lieutenant  Drummond  for  the  purpose  of  signals,  and  when 
placed  in  the  focus  of  a parabolic  reflector  was  visible  at  a 
distance  of  sixty-nine  miles. 

§ 288.  We  are  indebted  to  M.  MeUoni  for  almost  all 
that  we  know,  with  accuracy,  of  the  passage  of  radiant  heat 
through  different  translucent  substances.  The  memoirs  in 
which  he  has  recorded  his  experiments  and  deductions  have 
been  most  justly  honoured  with  the  Rurnford  medal  of  the 
Royal  Society,  and  they  pi’esent  a model  well  worthy  of  the 
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imitation  of  those  who  are  engaged  in  similar  physical  inves- 
tigations. 

He  has  ascertained  that  the  power  in  bodies  of  transmitting 
rays  of  heat  is  by  no  means  proportioned  to  their  transparency, 
or  their  power  of  transmitting  rays  of  light;  and  amongst  crys- 
tallized bodies  in  particular,  he  has  found  that  some  which  are 
highly  transparent  intercept  nearly  the  whole  of  the  calorific 
rays,  while  others  act  in  a manner  directly  contrary.  These 
properties  are  invariably  manifested,  whatever  be  the  tempera- 
ture of  the  source,  and  become  yet  more  singular  at  low  tempe- 
ratures; for  in  the  latter  case  it  is  found  that  the  ordinary  heat 
of  the  hand  will  pass  through  a solid  body  of  several  inches 
in  thickness.  Liquid  chloride  of  sulphur,  of  a deep  red-brown 
colour,  will,  out  of  100  rays,  allow  63  to  pass;  while  an  equal 
thickness  of  colourless  spirit  of  turpentine  will  only  transmit 
31;  of  sulphuric  ether,  21;  sulphuric  acid,  17;  and  of  distilled 
water,  only  11;  the  case  is  the  same  with  sohd  bodies.  DiflFerent 
kinds  of  glass  vary  in  their  powers  of  transmission,  from  67  per 
cent,  in  flint-glass  to  49  per  cent,  in  crown-glass;  while  perfectly 
diaphanous  rock  salt  will  transmit  92  out  of  every  100  rays; 
and  equally  diaphanous  alum  only  12.  To  distinguish  those 
bodies  which  possess  a capacity  for  calorific  transmission,  from 
those  which  possess  a capacity  for  luminous  transmission,  he 
has  proposed  the  term  diathermanous  for  the  former,  as  analog- 
ous in  form  to  the  epithet  diaphanous,  applied  to  the  latter. 
In  one  experiment  he  employed  a plate  of  alum,  well  polished, 
and  perfectly  transparent,  only  .06  inches  in  thickness,  and 
compared  it  with  a plate  of  smoky  quartz  3.38  inches  thick, 
which  was  of  so  decided  a brown  colour  that  the  large  letters  of 
a printed  page,  placed  in  the  fullest  light,  could  not  be  traced 
through  it;  and  found  that  the  former  allowed  only  6 per  cent, 
of  the  rays  to  pass  through  it,  while  the  latter  afforded  a passage 
to  19  per  cent.  He  also  found  that  the  perfectly  opaque 
glass  employed  in  the  construction  of  mirrors,  for  experiments 
upon  the  polarization  of  light,  was  diathermanous  enough  to 
transmit  a considerable  quantity  of  calorific  rays:  on  the  other 
hand,  sulphate  of  copper,  which  is  of  a blue  colour,  and  strongly 
diaphanous,  is  perfectly  athermanous. 

§ 289.  These  striking  differences  in  bodies  of  the  same 
aspect,  seem  to  arise  rather  from  structure  than  from  the 
chemical  composition  of  the  molecules,  for  a block  of  common 
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salt,  being  divided  into  flakes,  instantly  arrests  calorific  radiation, 
and  the  transmissive  power  of  water  is  only  increased  from 
11  to  12,  by  dissolving  in  it  either  alum  or  rock  salt,  two  sub- 
stances which  in  their  solid  state  are  the  opposite  extremities 
of  the  scale  of  transmission. 

M.  Melloni  performed  all  his  experiments  with  an  apparatus 
of  extreme  dehcacy,  the  construction  and  application  of  which 
constitutes  not  the  least  interesting  part  of  his  work:  but  such 
as  have  not  a thermoscopic  apparatus  may  easily  satisfy  them- 
selves that  rock  salt  transmits  almost  all  the  radiant  heat  that 
falls  on  its  surface,  by  fixing  vertically  on  the  same  stand  a 
plate  of  this  substance,  and  a plate  of  glass  or  alum  of  the  same 
dimensions,  and  by  bringing  the  stand  quite  close  to  the  fire  of 
a stove.  If  it  be  allowed  to  remain  in  this  state  for  five  or  six 
minutes,  the  glass  will  become  burning  hot,  while  the  rock  salt, 
if  apphed  to  the  most  tender  part  of  the  hand,  will  produce  no 
sensation  of  warmth.  This  difference  may  be  rendered  visible 
by  placing  a piece  of  wax  on  each  of  the  plates;  that  on  the 
glass  will  soon  begin  to  melt,  while  that  on  the  salt  will  remain 
quite  solid. 

The  greatest  part  of  the  experiments  may  also  be  repeated 
by  means  of  a large  air  thermometer  bent  twice  at  right  angles; 
between  the  blackened  balls  of  which  a stand  is  placed,  for  the 
reception  of  the  source  of  heat  and  the  intervening  plates.  The 
liquid  will  be  depressed  on  that  side  on  which  the  heat  most 
freely  radiates. 

§ 290.  The  results  above  detailed  were  obtained  from 
the  burner  of  an  argand  lamp;  but  M.  Melloni  found  that 
different  effects  were  produced  from  different  calorific  sources. 
The  four  which  he  eompared  together  were  the  flame  of  oil 
without  the  interposition  of  glass;  platina  wire  kept  in  a state 
of  incandescence,  by  means  of  the  flame  of  a spirit  lamp,  (both 
of  which  are  luminous) ; a plate  of  copper  heated  to  the  tempe- 
rature of  732°,  and  a vessel  of  thin  copper  blackened  on  the 
outside  filled  with  boiling  water,  (both  of  which  were  non- 
luminous);  some  of  the  principal  results  are  shown  in  the 
following  table: — 
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. Names  of  the  interposed  substances — 
common  thickness,  0.102  In. 

Naked  flame. 

Ineandescent 

Platinum. 

Copper  at 
732‘>. 

Copper  at 
212‘. 

Rock  salt  . 

92 

92 

92 

92 

Iceland  spar 

39 

28 

6 

0 

Mirror  glass 

39 

24 

6 

0 

Rock  crystal  (colourless) 

38 

28 

6 

0 

Ditto  (smoky)  . 

37 

28 

6 

0 

Citric  acid  . 

11 

2 

0 

0 

Alum  .... 

9 

2 

0 

0 

Pure  Ice 

6 

0 

0 

0 

§ 291.  Thus  it  appears  that  rock  salt,  successively  ex- 
posed to  radiation  from  different  sources,  always  transmits  im- 
mediately the  same  quantity  of  heat,  (and  it  is  the  only  known 
substance  which  thus  acts.)  A plate  of  any  other  diathermanous 
substance  will,  under  the  same  circumstances,  transmit  quanti- 
ties less  considerable  in  proportion  as  the  temperature  of  the 
soxrrce  is  less  elevated:  but  the  differences  between  one  trans- 
mission and  another,  decrease  as  the  plate  on  which  we  operate 
is  more  attenuated.  Whence  it  follows,  that  the  calorific  rays 
from  different  sources  are  intercepted  in  a greater  or  less 
quantity,  not  at  the  surface  and  in  virtue  of  an  absorbent  power 
varjnng  with  the  temperature  of  the  source,  but  in  the  very 
interior  of  the  plate,  and  in  virtue  of  an  absorbent  force  similar 
to  that  which  extinguishes  certain  species  of  fight  in  a colomed 
medium. 

§ 292.  In  extending  this  observation  to  the  solar  rays, 

M.  MeUoni  found  that  the  quantity  of  heat  intercepted  by 
increasing  the  thickness  of  the  transparent  medium  is  greater  ^ 

for  the  less  refrangible  than  for  the  more  refrangible  rays:  that  S 

is,  that  while  the  thinnest  possible  pellicle  will  permit  as  much 
per  cent,  of  the  heat  accompanying  the  red  ray  to  pass  through  it  t 
as  of  that  of  the  violet  ray,  if  the  thickness  be  increased,  a much  ■ 

larger  per  centage  of  the  former  will  be  stopped  than  of  the  latter;  I 

whence  he  concluded  that  the  refrangibility  of  a heating  ray  is  * 

a measure  of  its  intensity.  The  rays  of  heat  which  are  separated 
by  a common  prism  do  not  undergo  the  same  action  uj^on  passing 
through  a layer  of  water:  the  most  refrangible  rays,  or  those  ) 

towards  the  violet  end  of  the  spectrum,  pass  undiminished;  j 

while  the  less  refrangilile,  or  those  in  the  red  ray,  are  entirely  ' 
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stopped  by  that  liquid.  Tims  the  changes  in  the  maximum  of 
temperature  in  the  solar  spectrum,  when  different  liquids  were 
employed  by  Professor  Seeheck,  are  accounted  for. 

§ 29.3.  The  refraction  and  constant  transmission  of  the 
calorific  rays  from  any  source  through  rock  salt  being  established, 
it  is  easy  to  see  the  use  which  may  be  made  of  this  substance  in 
carrying  on  the  investigation  with  regard  to  the  nature  of  radiant 
heat.  AAdien  formed  into  lenses  and  prisms,  it  will  act  upon 
calorific  rays  in  a manner  perfectly  analogous  to  that  in  which 
optical  instruments  act  upon  luminous  rays.  The  feeblest 
emanations  may  thus  be  concentrated  to  a focus,  or  propagated 
to  a distance;  and  in  this  manner  we  may,  with  the  aid  of  a 
common  differential  thermometer  with  small  balls,  obtain  very 
decided  indications  of  the  heat  issuing  from  a vessel  filled  with 
tepid  water  and  placed  at  a great  distance.  It  constitutes,  to 
use  M.  MeUonFs  expression,  the  true  glass  of  radiant  heat.  All 
other  transparent  bodies  are  but  partial  and  incomplete  trans- 
mitters of  heat,  totally  intercepting  calorific  rays  of  a certain 
kind,  just  as  coloured  media  intercept  coloured  rays  of  certain 
kinds.  AU  examinations  of  the  nature  of  solar  heat  with  com- 
mon prisms  of  glass,  water,  alcohol,  &c.,  are  necessarily  as 
fallacious  as  any  attempt  would  have  been  to  analyse  solar  light 
with  prisms  formed  of  coloured  glass. 

§ 294.  Amongst  the  calorific  rays  of  the  sun  there  are 
some  which  have  a resemblance  to  terrestrial  heat,  and  amongst 
the  calorific  rays  of  flame  some  are  found  similar  to  the  heat  of 
the  sun.  The  differences  observed  between  solar  and  terrestrial 
heat,  as  to  their  properties  of  transmission,  are  therefore  to  be 
attributed  merely  to  the  mixture,  in  different  proportions,  of 
several  kinds  of  rays. 

The  small  quantity  of  heat  which  emerges  from  alum  is 
abundantly  transmitted  by  all  diaphanous  colourless  plates,  and 
suffers  no  appreciable  loss  when  the  thickness  of  the  plates  is 
varied  wdthin  certain  limits;  with  regard  to  transmission,  these 
rays,  in  fact,  bear  a close  resemblance  to  those  of  the  solar  heat. 
Tliey  also  resemble  the  latter  in  the  decided  influence  which 
colour  has  upon  their  absorption.  When  the  rays  of  a naked 
flame  were  made  to  fall  upon  similar  thermoscopic  surfaces 
covered  with  lamp-black,  and  Spanish  white  mixed  with  gum- 
water,  the  effect  of  the  white,  as  compared  with  the  black,  was 
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as  80.5  to  100;  and  it  was  the  same  when  a screen  of  rock  salt 
was  interposed;  but  when  rays  which  had  been  previously 
passed  through  a screen  of  alum  were  employed,  the  effects 
were  as  42.9  to  100.  Professor  Powell  has  ascertained  that 
colourless  glass  acts  in  the  same  way,  though  with  somewhat 
less  energy. 

§ 295.  From  these  facts  a strong  analogy  results  between 
luminiferous  and  calorific  rays  in  their  passage  through  different 
media.  A glass  of  a very  pure  red  colour  transmits  only  light 
of  that  colour  and  intercepts  all  other  coloured  rays;  therefore 
if  we  examine  through  such  a glass  flames  of  different  colours, 
but  of  nearly  the  same  intensity,  we  shall  perceive  them  tinged 
with  red,  and  the  more  feeble  in  proportion  to  the  smallness  of 
the  quantity  of  red  light  mingled  with  their  principal  tint;  so 
that  any  radiation,  wholly  free  from  this  colour,  will  be  invi- 
sible. In  the  same  manner,  radiant  heat  wifi,  pass  in  greater  or 
less  quantity,  or  be  totally  intercepted  by,  a colourless  plate  of 
glass,  successively  exposed  to  the  radiations  of  flame,  incan- 
descent metal,  and  the  sides  of  a vessel  fiUed  with  boiling-water. 
In  the  first  two  cases,  we  find  amongst  the  different  kinds  of 
heat  which  compose  the  pencil,  some  rays  more  or  less  numer- 
ous, which  are  endued  with  what  we  may  call  the  calorific 
coloration  of  glass;  whilst  there  does  not  exist  a single  ray  of 
this  kind  in  the  pencil  which  proceeds  from  the  last  source. 
The  theory  then  supposes  that  there  exists  in  glass,  and  gene- 
rally in  aU  perfectly  limpid  and  colourless  substances,  an  invi- 
sible property  quite  analogous  to  coloration.  Now,  experiment 
has  both  proved  that  the  quantity  of  heat  of  the  calorific  colo- 
ration of  glass,  increases  with  the  intensity  of  the  source  of  heat, 
and  also,  that  the  mean  refrangibility  of  radiant  heat  increases 
from  the  same  cause.  The  rays  of  heat  emitted  from  a series  of 
different  sources  disposed  in  the  order  of  their  temperatures, 
are  therefore  analogous  to  the  different  coloured  rays  which 
constitute  the  solar  spectrum;  the  most  refrangible  part,  that  is 
to  say,  the  violet,  the  indigo,  and  the  blue,  representing  the 
radiation  from  flame  or  incandescent  bodies,  and  the  opposite 
part,  viz.,  the  red,  the  orange,  and  the  yellow,  resembling  the 
radiation  of  warm  non-luminous  bodies.  Upon  this  analogy, 
therefore,  glass  which  transmits  only  rays  emitted  from  sources 
of  a high  temperature  possesses  calorific  coloration,  which  cor- 
responds to  the  most  refrangible  colours  of  the  spectrum.  Now 
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all  cliathermanous  substances^  though  more  or  less  permeable  to 
radiant  heat,  on  being  exposed  to  the  radiation  of  different 
sources  behave  like  glass:  they  are  all  subject  to  the  same  law, 
namely,  that  the  calorific  emanations  which  resemble  the  upper 
part  of  the  solar  spectrum,  experience  in  their  interior  a less 
absorption  than  emanations  from  sources  of  lower  intensity. 
But  the  analogy  with  light  would  fail  if  we  could  not  find  media 
which  were  capable  of  transmitting  this  kind  of  radiation  and 
absorbing  the  opposite;  for  we  are  well  acquainted  with  sub- 
stances which  are  diaphanous  to  every  colour.  M.  Mellon!  has 
more  recently  discovered  the  facts  which  supply  this  deficiency. 

It  can  scarcely  be  said  that  we  know  anything  of  the  action 
of  those  minute  particles  of  foreign  bodies  which  determine 
the  absorption  of  different  rays  of  light  in  differently  coloured 
glasses;  but  with  regard  to  the  different  rays  of  heat  they  all 
act  indifferently,  and  only  diminish  the  general  diathermancy  of 
the  glass.  There  is  one  exception  however  to  this,  in  the  green 
oxide  of  copper  with  which  some  species  of  green  glass  is 
coloured;  which,  whilst  it  admits  of  the  transmission  of  most  of 
the  rays  which  are  transmissible  by  glass,  absorbs  those  which 
are  capable  of  passing  through  alum,  or  those  which  are  most 
refrangible.  M.  Melloni  found  also  that  the  rays  which  are 
transmitted  by  some  opaque  glasses,  had  all  the  properties  of 
those  proceeding  from  this  green  glass,  and  hence  he  inferred 
that  in  both  cases,  the  substance  added  to  the  glass  would  stop 
the  passage  of  the  highly  refrangible  heat,  but  allow  of  the 
passage  of  the  rays  of  lower  refrangibility. 

nie  proof  of  this  would  have  been  decisive,  if  it  had  been 
possible  to  tinge  a portion  of  rock  salt,  the  only  perfectly  dia- 
thermanous  body  with  which  we  are  acquainted,  with  oxide  of 
copper  or  with  carbonaceous  matter,  as  is  the  case  with  glass, 
but  neither  by  solution  nor  heat  can  this  be  effected  without 
destrojdng  its  texture.  But  M.  Melloni  at  length  found  that  by 
superficially  covering  it  with  lamp-black,  by  carefully  smoking  it 
over  a flame,  the  same  end  might  be  attained.  He  thus  formed 
a combination  which  was  permeable  to  radiant  heat  in  exact 
proportion  to  the  lowness  of  the  intensity  of  the  source  from 
which  it  was  emitted,  or  (which  is  the  same  thing,)  to  the  least 
refrangible  rays. 

He  took  three  exactly- similar  plates  of  rock  salt;  the  first  he 
left  in  its  natural  state;  the  second,  he  covered  with  a film  of  any 
diathermanous  substance,  such  as  mica,  glass,  or  varnish;  and 
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the  third,  he  smoked.  He  placed  them  successively  before  dif- 
ferent sources  of  heat,  in  his  apparatus:  the  first,  transmitted 
the  same  quantity  of  heat  from  all  the  sources;  the  second, 
transmitted  a quantity  increasing  with  the  temperature  of  the 
source;  and  the  third,  a quantity  which  decreased  with  the  tem- 
perature of  the  source:  and  thus  he  could  separate  at  pleasure,  by 
absorption,  the  more  refrangible  rays  of  heat  from  the  less  refran- 
gible, as  may  be  done  with  the  rays  of  light  by  coloured  media. 

By  passing  the  rays  of  the  sun  first  through  a stratum  of 
water  and  then  through  green  glass,  M.  Mellon!  succeeded  in 
sifting  the  whole  of  the  heat  from  light:  the  emerging  beam 
had  a greenish  tint,  but  when  concentrated  by  a lens  of  rock 
salt  to  the  intensity  of  the  original  ray,  had  not  the  slightest 
effect  upon  the  most  delicate  thermoscope. 

§ 296.  M.  MeUoni  has  remarked,  that  this  specific  dif- 
ference in  the  rays  of  heat  is  manifest  upon  the  great  scale  of 
natural  phenomena  in  the  differences  of  their  absorption  by 
snow.  It  has  long  been  observed  that  snow,  which  lies  near 
the  trunks  of  trees  and  tufts  of  shrubs,  melts  much  more  rapidly 
than  at  a distance  from  them.  This  is  not  owing  to  any  proper 
heat  of  the  vegetating  bodies,  for  the  same  thing  happens 
around  dead  bushes  and  dry  poles;  and  the  greater  the  number 
of  branches,  and  the  smaller  the  twigs,  the  greater  is  their 
thawing  influence.  The  effect  commences  on  their  south  sides, 
and  gradually  extends  by  the  west,  tiU  it  reaches  round  to  the 
north.  Hence,  it  appears  that  it  is  due  to  the  heat  of  the  sun, 
directly  communicated  to  the  trunks  and  branches  of  the  trees, 
and  then  radiated  from  them  to  the  surroxmding  surface.  Up 
to  the  time  of  M.  MellonFs  discoveries,  it  was  quite  impossible 
to  account  for  this  secondary  radiation  having  more  power  than 
the  primary  one  from  which  it  was  derived.  He  has,  however, 
shown  by  the  most  decisive  experiments,  that  the  secondary 
rays  from  the  trees  are  much  more  abundantly  absorbed  by 
snow  and  other  white  substances  than  the  solar  rays  themselves. 

If  the  rays  of  a naked  lamp  be  concentrated  by  a lens,  and 
made  to  fall  upon  a thermometric  surface  covered  with  white 
lead,  an  effect  will  be  produced  which  may  be  designated  at 
15°;  but  if  a sheet  of  thick  paper,  of  a deep  grey  colour,  be 
interposed  in  the  passage  of  the  rays  close  to  the  thermoscope, 
the  effect  will  rise  to  33°.  Here  we  may  suppose,  that  of  100 
direct  rays  which  fall  upon  the  white  surface,  10  only  are 
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absorbed,  and  the  rest  reflected.  When  the  paper  is  inter- 
posed it  becomes  itself  heated,  and  radiates  perhaps  only  25 
to  the  same  surface;  but  of  these,  5 only  are  reflected,  and  20 
absorbed. 

The  different  effect  upon  snow  of  rays  of  heat  from  different 
sources,  may  be  shown  by  a still  more  direct  experiment.  Let 
a differential  thermoscope  be  placed  between  an  Argand  lamp 
and  a blackened  copper  surface,  heated  by  a spirit  lamp  to  752°, 
so  as  to  be  in  equilibrio  between  them;  which  may  be  effected 
by  approaching  the  instrument  nearer  to  the  feebler  source  of 
heat  than  to  the  other.  Having  ascertained  the  position  of 
equilibrium,  let  the  thermoscope  be  removed,  and  a tube  divided 
into  by  a diaphragm,  and  filled  at  each  end  with  newly- 
fallen  show,  be  exactly  placed  in  its  position  with  one  face  pre- 
sented to  each  of  the  calorific  sources:  notwithstanding  the 
equality  of  the  intensity  of  the  heat  as  measured  by  a ther- 
moscope in  this  position,  the  snow  in  the  tube  opposed  to  the 
heated  copper  will  melt  much  faster  than  that  in  the  other,  and 
will  generally  disappear  in  half  the  time. 

The  experiment  may  be  made  still  more  simply  by  suspend- 
ing over  a surface  of  snow,  and  close  to  it,  a disc  of  thin  card, 
covered  on  both  sides  with  lamp-black:  if  the  rays  of  an  Argand 
lamp  be  made  to  fall  upon  it,  the  surrounding  snow  will  be 
unaffected,  but  a cavity  will  be  quickly  thawed  under  the  card. 
If  the  heated  copper-plate  be  now  substituted  for  the  lamp,  the 
phenomena  will  take  place  in  the  inverse  direction;  the  melting 
of  the  snow  will  be  more  abundant  in  the  parts  exposed  to  the 
direct  radiation  than  under  the  disc,  so  that  in  a short  time 
there  will  be  a protuberance  in  the  latter  situation  instead  of  an 
excavation. 

In  the  first  of  these  cases,  the  heated  card  emits  rays  much 
more  absorbable  than  the  direct  rays  of  the  lamp;  and  hence  it 
follows,  that  the  snow  is  melted  in  much  greater  abundance 
under  the  shadow  of  the  disc  than  elsewhere,  notwithstanding 
the  quantity  of  the  heat  is  less.  In  the  second  case,  when  the 
calorific  source  and  the  card  both  emit  rays  of  the  same  nature, 
and  equally  absorbable,  the  disc  must,  l^y  its  interposition, 
diminish  the  effect  of  the  direct  radiation,  and  protect  the  snow 
in  the  part  which  it  screens. 

It  would  thus  appear  that  heat  changes  its  degree  of  refran- 
gibility  by  secondary  radiation,  and  that,  upon  the  theory  of 
undulations,  one  long  wave  is  broken  up  into  several  shorter 
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oneSj  and  on  the  other  hand  that  several  short  waves  may  unite 
together  so  as  to  form  one  long  one.  There  is  nothing  analo- 
gous to  this  in  the  waves  of  coloured  light;  red  light  has  never 
yet  been  changed  into  blue,  or  orange  into  violet. 

§ 297.  The  polarization  of  heat,  though  the  experiments 
by  which  it  has  been  demonstrated  are  of  a still  more  delicate 
nature  than  those  which  we  have  just  examined,  rests  upon  as 
certain  foundations  as  its  refraction.  Heat  was  first  shown  by 
M.  Berard  to  be  susceptible  of  this  modification  by  reflexion. 
M.  Melloni,  however,  failed  at  first  in  obtaining  any  indications 
of  polarization,  either  by  this  means  or  by  transmitting  obscure 
radiant  heat  through  plates  of  tourmaline.  Professor  Forbes  suc- 
ceeded in  these  experiments,  and  also  showed  that  it  may  be  pro- 
duced by  plates  of  mica:  and  M.  Melloni  has  since  thoroughly 
investigated  the  subject,  and  explained  his  previous  failure. 

A great  difl&culty  presents  itself  in  studying  the  polarization  of 
heat  by  tourmalines  in  their  feeble  calorific  transmission,  which 
varies  with  their  quality.  These  differences  depend  upon  the 
diathermancy  of  each  species  of  the  mineral ; that  is,  they  arise 
from  different  species  being  each  permeable  to  a differently  con- 
stituted calorific  stream.  Of  every  100  rays  transmitted  by  a 
pair  of  tourmalines  with  their  axes  parallel,  about  22  disappear 
by  crossing  the  axis.  This  proportion  suffers  no  very  decided 
change  in  the  rays  transmitted  by  common  glass,  or  glass  of  any 
prismatic  colour  except  green,  when  it  is  reduced  to  When 

water,  on  the  contrary,  is  employed,  the  quantit}^  of  heat  which 
is  polarized,  after  transmission,  amounts  to  showing  an 

analogous  difference  in  the  polarization  of  different  kinds  of 
heat  to  that  which  we  had  previously  found  in  their  refraction ; 
and  in  this  presenting  a marked  distinction  from  the  polarization 
of  light. 

X.  ELECTRICITY. 

§ 298.  We  will  proceed  now  to  inquire  into  the  nature 
and  laws  of  those  forces  which  we  have  already  indicated  and 
named  electrical,  from  the  electron  or  amber  in  which  they  were 
first  obseiwed  by  Thales,  600  years  before  the  Christian  era  (§15). 
The  more  striking  phenomena  of  lambent  flames  upon  the  mast- 
heads of  vessels  in  a storm,  or  lights  upon  the  spear-points  of 
soldiers,  and  the  flash  of  lightning,  had  been  also  obseiv-ed  with 
feelings  of  dread  and  superstition,  but  were  little  supposed,  in 
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those  early  days,  to  have  any  thing  in  common  witli  the  alternate 
attraction  and  repulsion  of  minute  particles  of  dust  by  this  rare 
substance  after  it  had  been  subjected  to  friction.  It  was  not 
till  2200  years  afterwards  that  the  same  pro]:>erty  of  attraction, 
accompanied  under  favorable  circumstances  by  flashes  of  light, 
was  observed  to  be  possessed  by  glass,  sulphur,  and  sealing-wax, 
and  that  the  foundations  of  electrical  science  were  laid  by  Mr. 
Gilbert.  We  are  indebted  to  active  observation,  or  experiment, 
for  the  whole  of  the  superstructure ; mere  passive  observation, 
or  common  experience,  having  had  but  little  influence  upon  its 
progress.  Electricity  is  as  widely  diffused,  as  energetic  in  its 
character,  and  at  least  as  important  in  the  economy  of  the 
material  universe,  as  heat  itself;  but  its  properties  are  more 
recondite ; and  necessity  has  not  given  to  the  human  race  that 
early  command  over  this  power,  upon  which  its  very  existence 
has  depended  in  the  latter  case.  Such  a command  will  probably 
result  from  the  higher  exercise  of  the  intellectual  faculties  of 
man,  and  may  be  destined  to  requite  his  patient  industry  with 
the  acquirement  of  power,  of  which  only  inadequate  anticipations 
can  as  yet,  perhaps,  be  formed. 

§ 299.  It  wall  be  remembered  that  we  traced  the  origin 
of  heat  to  flA'^e  principal  sources ; and  from  four  of  the  same 
sources  we  also  derive  the  new  force  which  we  are  about  to 
examine ; whilst  analogy,  as  well  as  the  uncertain  results  of 
vague  experiments,  lead  us  to  believe  that  the  fifth,  or  the  solar 
rays,  will  hereafter  be  found  capable  of  imparting  this  subtle 
influence.  It  is  freely  evolved  by  the  mechanical  action  of 
heterogeneous  substances ; still  more  abundantly  by  chemical 
action ; it  is  a product  of  animal  organization;  and  as  electricity 
under  certain  conditions  is  capable  of  evolving  heat,  so  heat,  on 
the  other  hand,  is  capable  of  exciting  electricity.  Like  heat,  it 
adds  nothing  to,  and  subtracts  nothing  from,  the  weight  of 
bodies  in  which  it  is  excited ; but  unlike  heat,  it  is  not  opposed 
to  cohesion,  and  does  not  increase  the  volume  of  homogeneous 
masses,  or  loose  the  chain  which  l)inds  their  particles  together. 
It  is  capable  of  acting  upon  masses  of  matter  in  opposition  to 
gravity,  and  it  is  also  capable  of  the  most  energetic  influence 
upon  its  constituent  atoms.  Every  form  of  matter  may  be 
excited  to  its  action,  and  it  may  be  transferred  from  one  portion 
of  matter  in  which  it  has  been  called  forth  to  another  previously 
in  a neutral  state. 

Our  present  purpose,  which  will  lead  us  to  inquire  into  the 
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modes  in  which  this  force  distributes  itself,  and  in  which  its 
equilibrum  is  maintained  amongst  the  particles  of  ponderable 
matter,  or  into  the  laws  of  Electrical  Statics,  will  best  be 
answered  by  confining  our  attention  mainly  to  its  mechanical 
developement,  or  excitation  by  friction. 

§ 300.  The  apparatus  we  shall  first  describe  is  of  extreme 
simplicity,  but  the  instruction  which  we  derive  from  it  is  of  the 
greatest  importance. 

We  have  already  seen  {§  15)  that  if  we  suspend  some  fight 
substance,  such  as  a feather  or  a pith  ball,  by  a silk  thread,  and 
then  approach  it  with  a dry  glass  tube,  which  has  been  rubbed 
with  silk,  the  suspended  substance  will  be  attracted  to  the  glass 
tube  from  a distance,  and  adhere  to  it  for  a moment,  but  will 
afterwards  recede  from  it ; and,  after  its  separation,  so  far  from 
the  glass  exerting  any  attraction  upon  it,  it  will  strongly  repel  it 
from  its  surface.  If  we  substitute  a stick  of  sealing  wax  for  the 
glass  tube,  and  rub  it  with  a dry  warm  flannel,  we  may  produce 
the  same  phenomena  of  attraction  and  repulsion  upon  a fresh 
feather ; and  in  the  same  order  (69).  But,  now,  if  we  present  the 
excited  wax  to  the  feather  which  has  received  the  repulsive 
property  from  the  glass,  or  the  excited  glass  to  the  light  sub- 


(69)  The  annexed  figure  will  convey  an  idea  of  the  feather  when 


in  its  natural  state  attracted  by  the  excited  glass,  and  when  in  an 
electrified  state  repelled  from  the  similarly  electrified  rod. 
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stance  which  is  in  a state  to  be  repelled  by  the  wax,  strong 
attraction  will  be  manifest  in  both  cases. 

Moreover,  we  find  from  experiment,  that  not  only  does  the 
originally  excited  glass  or  wax  attract  or  repel  those  light 
portions  of  matter,  but  they  communicate  by  contact  the  same 
properties  to  them : so  that  two  feathers,  after  having  been 
attracted,  will  be  repelled  by  the  wax  or  glass,  respectively,  and 
will  repel  each  other,  and  their  component  fibres  even  will 
become  self-repulsive:  but  two  feathers  which  have  received  the 
property  from  the  different  substances,  though  self-repulsive,  will 
strongly  attract  each  other.  This  transfer  of  power,  it  must  be 
observed,  is  very  different  from  any  process  of  original  excitement. 

§ 301.  Simple  as  are  these  phenomena,  they  comprise 
the  first  principles  of  electrical  science.  From  them  we  learn 
that  the  friction  of  glass  and  resin  communicates  to  these  sub- 
stances a state  of  activity  with  regard  to  other  bodies,  which  is 
similar  in  the  two  cases,  but  opposite  in  its  nature : that  this 
state  of  activity  once  excited  in  them  by  friction,  they  are  capable 
of  communicating  to  other  bodies  by  simple  contact,  and  that  it 
is  manifested  in  all  cases  by  the  mutual  repulsion  of  similarly 
active  bodies,  and  the  mutual  attraction  of  oppositely  active 
bodies. 

Now  these  two  states  of  activity,  it  is  convenient  to  dis- 
tinguish by  some  appropriate  designation,  and  they  might 
properly  be  termed  the  vitreous  and  resinous  states,  from  the 
tv'o  substances  which  were  first  observed  to  possess  the  power 
of  communicating  them.  But  in  a subject  so  remote  from  the 
illustrations  of  common  experience  as  is  that  of  electricity,  it 
was  found  necessary  to  do  more  than  this : to  adopt  some 
hypothesis  with  regard  to  the  subtle  influence  thus  called  into 
action,  and  the  medium  of  communication  between  the  body  so 
thrown  into  action,  and  which  was  supposed  to  be  detached 
from  matter,  and  the  body  acted  upon,  which  might  serve  as 
a clue  to  guide  the  student  amongst  the  multiplicity  of  its 
phenomena.  When  he  is  informed  that  there  are  two  such 
theories,  upon  which  the  facts  may  be  explained  with  equal 
probability,  he  will  need  no  other  caution  to  distinguish  between 
the  importance  of  the  facts  and  inductions  and  the  thread  which 
is  commonly  employed  to  string  them  together. 

§ 302.  It  was  imagined  by  M.  Uu  Fay,  that  the  ojiposite 
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electrical  forces  were  peculiar  to  certain  kinds  of  matter ; that 
they  were  referrible  to  two  highly-elastic,  imponderable  fluids, 
the  particles  of  which  were  self-repulsive  but  attractive  of  each 
other ; and  that  one  which  he  called  the  vitreous  electrieity  was 
always  elicited  from  glsss,  and  the  other  Avhich  he  termed 
resinous  electricity  from  resinous  bodies.  In  the  form  in  which 
the  hypothesis  of  two  fluids,  which  goes  by  his  name,  is  now 
adopted,  it  is  greatly  indebted  to  the  observations  and  modifi- 
cations of  Mr.  Symmer,  who  showed  that  when  two  bodies  are 
rubbed  together,  both  become  excited;  and  that  one  of  them 
always  possesses  the  vitreous,  and  the  other  the  resinous  -surtue. 
The  two  fluids  exist  in  all  unexcited  bodies  in  a state  of  combi- 
nation and  neutralization,  when  no  eleetrical  phenomena  are 
apparent:  friction  occasions  the  separation  of  the  two  fluids, 
and  the  electrical  action  continues  till  an  equal  quantity  of  that 
kind  of  electricity  which  has  thus  been  withdrawn  from  the 
other,  has  been  restored  and  re-united  with  it. 

§ 303.  Dr.  Franklin  proposed  a different  and  no  less 
ingenious  explanation  of  electrical  phenomena,  in  some  respects 
more  simple  than  the  preceding ; dependent  also  upon  the  pro- 
perties of  an  imaginary  highly-elastic  fluid,  which,  upon  his 
supposition,  was  single,  and  pervaded  all  matter.  This  fluid  is 
self- repulsive,  but  attracts  the  ultimate  particles  of  matter, 
whieh  the  hypothesis  further  requires  should  be  considered  as 
sell- repulsive  when  deprtyed  of  their  natural  portions  of  the 
eleetrical  fluid.  The  opposite  states  of  electrieal  excitement, 
according  to  this  view,  depend  upon  the  increase  or  diminution 
of  this  elastic  fluid.  When  a glass  tube  is  rubbed  vith  a silk 
handkerehief,  the  electrical  equilibrium  of  the  fluid  in  the  two 
substances  is  disturbed ; the  glass  acquires  more  than  its  natural 
quantity,  and  is  overcharged ; the  silk  retains  less  than  its 
natural  quantity,  and  is  undercharged.  Thus,  electrical  repul- 
sion takes  place  between  two  bodies  both  of  which  contain 
more  or  less  than  their  natural  quantity  of  fluid,  and  electrical 
attraction  is  only  excited  between  two  bodies,  one  of  which 
contains  more  or  less  than  the  other. 

According  to  the  theory  of  Du  Fay,  the  two  states  are 
denominated  vitreous  and  resinous ; according  to  the  theory  of 
Franklin,  they  are  distinguished  as  positive  and  negative. 

§ 304.  It  is  quite  obvious  that  both  these  hypotheses 
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cannot  be  true ; and  it  is,  in  fact,  demonstrable  that  neitlier 
of  them  presents  us  with  the  real  process  or  mechanism 
of  the  phenomena.  The  progress  of  science  begins  clearly 
to  indicate  that  the  whole  class  of  electrical  facts  will  one 
day  be  included  in  some  higher  generalization  than  either  of 
those  by  which  tliey  are  at  present  grouped  together ; and 
indeed  an  attempt  has  been  made  (and  according  to  mathema- 
ticians, who  are  best  qualified  to  judge  of  such  high  exercises 
of  reason,  not  without  success,)  to  connect,  in  one  general 
theory,  aU  attractive  and  repulsive  forces,  not  excepting  the 
universal  force  of  graAfity  itself*. 

Such  Anews,  howcA’er,  must  not  be  presented  to  beginners 
in  science,  and  probably  it  will  not  be  in  the  present  age  that 
the  teacher  aaoU  be  able  to  dispense  with  the  scaffoldings  by  the 
assistance  of  which  the  fabric  of  electrical  science  has  been 
built  up  to  its  present  dimensions  and  proportions.  The  hypo- 
thesis of  two  fluids  has  had  the  adA'^antage  of  liaving  been 
submitted  to  mathematical  im'^cstigation  by  M.  Coulomb  and 
M.  Poisson;  but  e\’en  in  the  mathematical  iiwestigations  it  is 
easy  to  substitute  one  theory  for  the  other  by  a A'^ery  simple 
transformation  of  the  formulee. 

In  making  the  legitimate  use  of  either  theory  to  assist  him 
in  attaining  clear  ideas  of  the  connexion  of  tlie  plienomena,  the 
student  should  neA^cr  forget  that  such  hypothetical  fluids  may 
haA’^e  no  real  existence,  and  that  the  pecAiliar  actions  which  he 
is  called  upon  to  contemplate  may  be  referrible  to  powers  with 
Avhich  matter  may  haA^e  been  endowed,  AAdthout  the  intervention 
of  any  such  medium  as  has  been  imagined.  Indeed,  the  late 
rapid  advance  of  the  science  seems  rather  to  countenance  tliis 
more  simple  view  of  the  subject;  and  one  of  the  greatest 
difficulties  AAuth  which  the  teacher  has  to  contend  at  present  is 
a certain  confusion  of  view  and  of  language  which  almost  neces- 
sarily attends  this  transition  state.  After  this  explanation,  liow- 
ever,  it  is  to  be  lioped  that  no  difficulty  will  be  felt  at  the  indif- 
ferent employment  of  the  terms  vitreous  and  resinous,  or  yositive 
and  negative,  to  denote  those  peculiar  states  of  matter  by  Avhich 
the  phenomena  which  have  been  just  described  are  produced. 

It  is  a necessary  consequence  of  either  of  the  hypotheses 
which  we  haA^e  just  stated,  that  one  species  of  eleetricity  can 
never  be  excited  without  a simultaneous  production  of  the 
other ; and,  in  fact,  the  opposite  electrical  states  are  always 

* Mosotti.  Sur  Ics  Forces  qui  rigissent  la  Constitution  interieur  des  Corps. 
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such  as  exactly  to  neutralize  each  other  in  the  rubber  and  the 
body  rubbed.  This  conclusion  is  quite  borne  out  by  the  results 
of  experiment.  Even  with  the  glass  tube,  and  silk,  we  shall 
find  that  it  is  not  only  the  glass,  but  the  silk  also,  which  after 
friction  attracts  the  feather ; and  after  the  feather  has  been 
repelled  by  one,  it  will  be  strongly  attracted  by  the  other.  If 
we  rub  a disc  of  glass  with  a disc  of  brass  covered  with  silk, 
and  apply  them  when  in  combination  to  a delicate  electroscope, 
we  shall  observe  no  signs  of  electrical  excitement;  but  if  we 
lift  the  brass  disc  from  the  glass  by  a silken  thread  we  shall 
find  that  the  two  are  in  opposite  states ; but  when  again  brought 
into  contact  they  will  exactly  neutralize  one  another. 

§ 305.  After  either  electrical  state  has  been  conferred 
upon  a body,  for  instance,  on  the  glass  by  friction,  or  on  the 
feather  by  contact,  it  will  very  slowly  return  to  its  natural  state 
in  a dry  atmosphere,  unless  it  be  touched  with  some  other 
substance  ; but  the  nature  of  the  substance  brought  into  contact 
with  it  is  by  no  means  indifferent  to  the  resiilt.  The  naked 
hand  will  speedily  remove  the  electricity,  or  any  metallic  body 
stiU  more  readily ; but  dry  glass,  resins,  silk,  sulphur,  wall  not 
prove  effective.  From  this  difference  in  their  power  of  con- 
veying or  conducting  away  the  electricity,  bodies  have  been 
divided  into  two  great  classes  of  conductors  and  non-conductors. 
In  the  former,  the  elastic  fluids  are  supposed  to  travel  with 
little  or  no  impediment,  and  with  a velocity  infinitely  exceeding 
that  of  the  similar  propagation  of  heat,  and  only  comparable 
with  light  itself ; while  in  the  latter  their  passage  is  obstructed ; 
they  seem  to  adhere  to  their  substance,  and  to  be  incapable  of 
transmission  from  particle  to  particle. 

Although  we  may  thus  classify  all  substances  into  conduc- 
tors and  non-conductors  of  electricity,  we  shah,  however,  find 
the  two  classes  passing  by  insensible  gradations  one  into  the 
other.  There  is,  in  fact,  a progressive  order  in  which  all  bodies 
may  be  arranged,  beginning  with  that  substance  which  possesses 
either  property  in  the  most  perfect  degree,  and  proceeding 
through  the  gradations  of  other  substances  to  the  opjDOsite 
extremity  of  the  scale.  In  the  following  table,  the  left-hand 
column  commences  with  the  most  perfect  conductors,  and 
ends  with  the  least  perfect  conductors ; the  right-hand  column 
commences  with  the  least  perfect  non-conductors,  and  ends  with 
the  most  perfect ; — 
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Table  XXXVI.  Electrical  Conduction. 


Conductors. 

Metals. 

Charcoal,  plumbago,  &c. 
Fused  chlorides. 

,,  iodides. 

„ salts. 

Strong  acids. 

Alkaline  solutions. 

Water. 

Alcohol. 

Damp  air. 

Vegetable  and  animal  bodies. 


Spermaceti. 

Glass. 

Sulphur. 

Fixed  oils. 

Spirits  of  turpentine. 
Resins. 

Ice. 

Diamond. 

Shell-lac. 

Oxalate  of  lime. 

Dry  gases. 


Insulators. 


This  distinction  of  bodies  according  to  their  conducting 
power  regards  them  as  masses;  it  is  probable  that  the  con- 
stituent particles,  whether  of  conducting  or  non-conducting 
matter,  are  individually  conductors,  and  capable,  as  such,  of 
receiving  a charge  of  electricity.  In  this  distinction  we  are 
presented  with  a close  analogy  in  the  conduction  of  heat ; for 
the  particles  of  aeriform  matter  readily  become  heated,  although 
heat  travels  amongst  them  by  conduction  with  the  greatest 
difficulty.  It  was,  however,  early  observed,  that  the  most 
perfect  non-conductors  of  electricity  had  stiU  the  power  of 
transmitting  electric  influences  through  them ; and  that  if  one 
side  of  a plate  of  glass  were  excited  the  opposite  side  would 
have  the  power  of  attracting  light  bodies.  They  are  in  fact 
Dielectric;  and  it  will  be  found  useful  thus  to  denote  this  pro- 
perty by  an  appropriate  term. 

§ 306.  The  instantaneous  way  in  which  electricity  passes 
along  a good  conductor,  and  the  advantage  which  may  be  taken 
of  the  non-conducting  power  of  bodies  to  prevent  its  escape 
from  substances  in  which  it  may  be  required  to  conflne  it,  may 
both  be  shown  by  a very  simple  experiment.  Suspend  a 
metallic  wire  of  many  yards  in  length  by  strings  of  white  silk, 
from  any  convenient  supports,  and  hang  to  one  of  its  extre- 
mities two  strips  of  gold  leaf,  so  that  they  may  be  parallel  to 
each  other,  and  nearly  in  contact ; present  any  excited  body  to 
the  other  extremity,  and  the  slips  of  gold-leaf  will  instantly 
repel  one  another,  and  diverge ; proving,  whatever  the  length 
ol  the  wire  may  be,  that  the  influence  is  confined  within  its 
limits,  and  instantly  pervades  it  from  end  to  end.  If  the  wire 
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be  now  divided^  and  a connexion  be  made  between  its  two  ends 
by  the  smallest  possible  loop  of  silk^  the  electric  fluid  will 
be  found  incapal^le  of  passing  through  the  interval  of  non- 
conducting substance.  We  thus  make  use  of  this  difference  in 
the  conducting  power  of  bodies  for  the  purpose  of  insulation. 
By  supporting  good  conducting  substances  upon  non-conductors 
we  can  cause  them  to  retain  any  electric  charge  we  may  com- 
municate to  them ; they  thus  become  cut  off  or  insulated  from 
any  ready  channel  by  which  the  fluid  might  pass  away,  or 
attain  to  that  state  of  equilibrium  which  it  is  always  striving  to 
effect.  Without  this  power  the  electric  forces  could  scarcely 
have  been  made  the  subjects  of  experimental  investigation. 

When  a non-conducting  substance  becomes  charged  either 
by  friction,  or  otherwise,  with  electricity,  it  will  only  partially 
give  up  the  fluid  on  its  surface  to  a non-insulated  conductor  at 
the  point  of  contact;  but  a charged  insulated  conductor  will 
instantly  part  with  the  whole  of  its  charge.  In  the  former 
case  the  fluid  is  supposed  incapable  of  moving  from  point  to 
point,  while  in  the  latter  it  wiU  traverse  any  space  in  any  direc- 
tion without  apparent  obstruction. 

If.  again,  a small  charged  conductor,  such  as  a brass  ball, 
be  brought  in  contact  with  a smooth  plate  of  resin,  a portion  of 
the  electric  fluid  will  adhere  to  the  resin  at  the  point  where  the 
two  bodies  touched,  but  will  spread  itself  only  to  a very  minute 
distance  round. 

§ 307.  It  was  formerly  supposed  that  the  two  great 
classes  of  conductors  and  non-conductors  might  be  designated 
as  non-electrics  and  electrics:  the  latter  name  denoting  a capa- 
city of  electric  excitement,  and  the  former  a total  incapacity; 
but  this  distinction  is  quite  inaccurate.  If  we  hold  a rod  or 
tube  of  metal  in  our  hand,  and  rub  it  with  a silk  handkerchief, 
it  is  quite  true  that  it  will  exhibit  no  signs  of  excitation:  the 
reason  is,  that  both  our  bodies  and  the  metal  being  good  con- 
ductors, the  electrical  fluid  passes  away  as  it  is  disengaged;  but 
if  we  insulate  the  metal, — cut  it  off,  that  is,  from  communication 
with  the  hand  by  means  of  a glass  handle, — we  shall  find  that 
upon  friction  it  will  become  electrical,  like  the  glass  or  the  resin. 
Tlie  friction  of  two  metals  together,  j^rovided  both  Ije  insulated, 
Avill  excite  electricity;  and  if  we  sift  zinc  filings  through  a copper 
sieve,  provided  with  a glass  handle,  we  shall  find  that  the  sieve 
and  the  filings  will  be  oppositely  excited. 
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§ 308.  The  mode  of  ascertaining  the  existence  and  nature 
of  any  electrical  excitement  is  very  simple:  for  this  purpose 
we  have  recourse  to  a beautiful  little  instrument,  called  the 
gold-leaf  electrometer.  It  consists  of  two  slips  of  gold-leaf, 
suspended  from  a brass  wire  terminating  in  a small  plate,  within 
a cylinder  of  glass.  The  wire  is  insulated  by  the  glass,  and 
more  effectually  by  passing  it  through  a glass  tube,  covered  with 
a varnish  of  shell-lac,  and  packed  with  silk.  The  leaves  are 
made  to  diverge  by  contact  with  some  body  in  a known  state 
of  excitement,  as  with  a stick  of  seahng-wax  rubbed  with 
woollen;  if  the  approach  of  the  body,  whose  state  we  wish 
to  determine,  cause  the  leaves  to  diverge  still  more,  we  con- 
clude that  it  is  resinously  electrical;  if,  on  the  contrary,  they 
coUapse  upon  its  approach,  it  is  a proof  that  it  is  in  the  vitreous 
state  (70)* 

There  is  another  mode  which  is  still  preferable  to  this,  as 
affording  not  only  an  indication  of  the  kind  of  force  which  is 
required  to  be  tested,  but  also  an  accurate  measure  of  its  inten- 
sity. It  consists  of  a needle  of  shell-lac,  suspended  from  a fine 
thread  of  spun  glass.  At  one  extremity  of  the  needle  is  placed 
a small  disc  of  paper,  or  other  conducting  substance;  which, 
being  thus  insulated,  is  capable  of  receiving  and  retaining  a 
charge.  When  another  electrified  body  is  brought  near  to  this, 
the  kind  of  electricity  which  has  been  communicated  to  it  being 
known,  it  will  indicate  by  its  attraction  or  repulsion,  the  species 

(70)  Bennet’s  gold-leaf  electrometer  is  here  represented;  the 
leaves  being  in  a state  of  divergence  from  a charge  which  has  been 
communicated  to  them. 

The  improved  mode  of  insulation  introduced  by  Mr.  Singer  is 


shown  in  the  section  a.  The  wire  to  which  the  gold  leaves  are 
attached  passes  through  a glass  tube  packed  wdth  dry  silk,  and  is 
covered  by  a brass  cap,  screwed  to  its  upper  end,  by  which  it  is 
protected  from  dust  and  damp. 
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of  electricity  thus  brought  within  its  sphere  of  action;  and  the 
intensity  of  the  force  may  be  measured  upon  a scale  by  the 
amount  of  torsion  in  the  thread  which  may  be  required  to  bring 
the  two  repelling  bodies  into  mutual  contact  (71)- 


§ 309.  Experiment  has  demonstrated  that  the  same  sub- 
stance is  not  always  similarly  electrified  by  friction;  but  that  its 
electrical  state  is  determined  partly  by  the  condition  of  its  own 
surface  and  partly  by  the  body  with  which  it  is  rubbed.  Thus 
flint-glass  with  a smooth  surface,  when  rubbed  with  woollen 
cloth,  becomes  vitreously  electric;  but  if  its  surface  be  rough- 
ened, and  it  be  rubbed  with  the  same  cloth,  it  will  be  resinously 
electrical. 

The  following  table  presents  a list  of  substances  placed  in 
such  an  order  that  each  becomes  vitreous  when  rubbed  with 
those  that  follow,  and  resinous  with  those  which  precede  it. 


Table  XXXVII.  Of  Electrical  Excitation. 


Oxalate  of  lime. 
Furs. 

Smooth  glass. 
Woollen  cloth. 


Feathers. 

Paper  and  silk. 
Shell-lac. 
Rough  glass. 


§ 310.  It  was  first  observed  by  Otto  de  Guericke,  and 
Hawksbee,  that  the  friction  of  glass  and  resinous  substances  not 
only  produced  the  phenomena  which  we  have  just  described, 
but,  xmder  favourable  circumstances,  was  accompanied  by  a 
rustling  or  crackling  noise;  and,  when  the  experiment  was  made 
in  a dark  room,  by  flashes  and  sparks  of  light  upon  their 


(71)  The  following  cut  represents  Coulomb’s 
torsion-electrometer,  or  electrical  balance,  a b is  a 
thread  of  silk  or  spun  glass,  from  which  the  needle 
of  shell-lac,  c,  is  suspended.  It  is  attached  to  the 
screw,  b,  by  which  it  can  be  twisted  round  its  axis. 
The  needle  carries  a gilt  hall  of  pith,  or  a disc  of 
paper,  at  one  extremity,  which  is  balanced  by  a 
counterpoise  at  the  other;  d is  a metallic  wire 
passing  through  the  glass  shade,  and  terminated  by 
a metallic  ball  at  each  end.  The  ball  of  the  needle 
and  the  interior  brass  ball  of  the  vdre  are  brought 
into  contact  by  turning  the  screw,  b,  and  the  index 
then  points  to  0 on  the  scale,  which  is  marked  upon 
the  circumference  of  the  glass. 
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surfaces.  When  once  the  attention  has  been  directed  to  the 
observ'ation,  most  persons  will  find  that  such  phenomena  of 
electrical  light  are  familiar  occurrences,  and  often  present  them- 
selves in  suddenly  drawing  off  from  the  person  a silk  stocking, 
or  a flannel  waistcoat,  or  in  the  friction  of  long  hair,  by  combing. 
How  small  a degree  of  friction  is  sufficient  to  excite  electricity 
in  the  human  body,  is  shown  in  a striking  way  by  placing  a 
person  upon  an  insulating  stool  with  glass  legs.  If  in  such  a 
position  he  place  his  finger  upon  a gold-leaf  electrometer,  and 
another  person  flip  him  lightly  with  a silk  handkerchief,  the 
leaves  will  immediately  repel  each  other. 

§ 311.  We  may  now  proceed  to  describe  the  means  of 
producing  these  effects  upon  a large  scale,  and  the  different 
modes  which  have  been  devised  of  exciting,  collectiiig,  and 
measuring  the  electric  fluids. 

The  electrical  machine,  as  it  is  called,  whatever  form  it  may 
assume,  resolves  itself  into  a more  or  less  perfect  way  of  apply- 
ing to  glass  the  friction  of  silk,  or  some  other  dissimilar  sub- 
stance, as  in  our  fundamental  experiment,  and  of  drawing  off  the 
electricity  as  it  is  excited,  and  collecting  it  in  a good  insulated 
conductor  (72).  In  machines  of  the  more  perfect  construction, 

(72)  This  figure  represents  the  cylinder  electrical  machine, 
mounted  according  to  the  plan  of  Mr.  Snow  Harris,  a 6 is  a glass 


cylinder,  mounted  as  the  figure  represents,  to  turn  upon  two  stout 
glass  pillars,  c d,  strongly  fixed  upon  a wooden  frame.  It  revolves  hy 
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not  only  is  the  vitreous  electricity  collected  in  what  is  called 
the  prime  conductor,  but  the  resinous  also  is  accumulated  by 
insulating  the  rubber,  and  connecting  it  with  a metallic  cylinder. 

Experience  has  shown  that  the  most  eflfective  exciter  of 
glass  is  a metallic  substance;  and  when  a soft  amalgam  of  mer- 
cury, tin,  and  zinc,  is  spread  upon  the  rubber,  it  forms  a flexible 
metallic  surface  which  is  perfectly  adapted  to  the  purpose  and 
greatly  heightens  the  effect.  The  best  proportions  of  the 
metals  have  been  found  to  be  one  part  of  tin  and  two  of  zinc, 
fused  together,  and  mixed  whilst  fluid  with  six  parts  of  mercury. 
The  mixture  must  then  be  triturated  in  a mortar,  with  a little 
lard,  to  the  consistence  of  a thick  paste.  When  large  cylin- 
ders, or  plates  of  glass,  are  made  to  rotate  by  convenient 
mechanical  means*  pressing  against  cushions  covered  with  this 
metallic  coating,  they  are  capable  of  producing  aU  the  pheno- 
mena of  attraction  and  repulsion  in  a high  degree,  and  their 
state  of  intense  excitement  is  accompanied  by  flashes  and  sparks 
of  brilliant  light,  and  a craclding  sound  (73). 

When  the  prime  conductor  is  placed  in  its  proper  position 
it  recewes  from  the  glass,  without  contact  with  it,  a charge  in 
the  form  of  a stream  of  fire,  which,  whatever  may  be  the  size  of 
its  surface,  rises  to  nearly  the  same  intensity  as  that  of  the 
original  source;  and  which  being  thus  accumulated  in  quantity 
•will  wholly  pass  off  at  once  to  any  uninsulated  conductor,  or 


means  of  the  handle,  ef;  g and  li  are  two  brass  cylinders  mounted 
upon  two  glass  pillars,  i and  Jc,  to  the  former  of  which  a cushion  and 
silk  flap,  b,  is  attached,  and  made  to  press  against  the  glass  hy  means 
of  an  adjusting  slide  and  screw,  n m;  to  the  second  brass  cylinder,  g, 
is  attached  a row  of  points,  o p;  it  goes  hy  the  name  of  the  prime 
conductor,  while  the  cylinder  to  which  the  cushion  is  attached  is 
called  the  negative  conductor. 

(73)  The  annexed  figure  represents  the  plate  machine,  as  con- 
structed hy  Mr.  Snow  Harris,  so  as  to  give  both  vitreous  and  resinous 
electricity,  z z is  a circular  glass  plate,  mounted  upon  a brass  axis,  and 
turning  in  a stout  Avooden  frame,  perfectly  insulated  by  glass  feet,  by 
means  of  a winch,  K.  The  rubbers,  n n,  are  placed  at  the  extremities  of 
a horizontal  diameter  of  the  plate,  and  are  insulated  on  stout  glass 
pillars,  A B ; the  flaps  attached  to  them  consist  of  thin  Avhite  silk,  oiled 
on  one  side,  cut  to  the  circumference  of  the  plate,  and  each  pair  are 
neatly  united  over  the  edge  of  the  plate,  and  are  prevented  from 
dragging  upon  it  by  fine  cords  of  silk  attached  to  the  insulators.  The 
brass  conductor,  BCD,  for  collecting  the  electricity  excited  on  the 
glass,  is  supported  on  a strong  cylindrical  arm  of  glass,  v b,  the  extre- 
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will  instantaneously  divide  itself  with  an  insulated  one,  by  means 
of  a dense  spark.  Similar  phenomena  may  be  obtained  with  the 
conductor  attached  to  the  rubber;  but  to  obtain  the  highest 
effect  from  either,  it  is  necessary  to  make  a good  conducting 
communication  from  the  other  to  the  ground.  The  reason  of 
this  is,  that  when  the  two  electricities  are  in  presence  of  each 
other  they  counteract  and  limit  each  other’s  intensity:  by  con- 
necting either  conductor  with  the  earth,  its  charge  is  spread  over 
an  indefinitely  large  surface,  and  virtually  annihilated.  That 
the  two  conductors  are  in  opposite  electrical  states  is  easily 
proved  by  suspending  from  each  some  light  substances  which 
will  strongly  attract  each  other  when  charged:  and  that  the  two 
charges  are  exactly  equal  is  shovm  by  making  a good  metallic 
communication  between  the  two,  when  all  signs  of  excitement 
ufill  cease  in  both.  The  laws,  or,  so  to  say,  the  mechanism  of 
this  charge  and  discharge,  we  must  examine  very  attentively 
hereafter. 

mity  of  which,  y,  is  united  to  a brass  cap,  attached  to  a dove-tailed 
slide-piece,  fitted  to  the  frame. 

The  conductor,  a e b,  for  collecting  the  electricity  of  the  rubber, 
consists  of  two  curvilinear  brass  tubes,  supported  iji  an  insulated  ball. 


E,  and  in  which  they  are  temporarily  united  by  a spring  piece  passing 
witliin  each  tube.  This  conductor  is  steadily  held  by  its  own  elasticity 
in  a small  ball  attached  to  the  fianch-piece,  immediately  over  the  blocks 
of  the  cushions. 

R 
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§ 312.  And  now,  it  may  be  asked,  where  does  the  charge 
reside  in  a good  insulated  conductor?  does  it  diffuse  itself,  like 
heat,  throughout  the  whole  of  its  substance?  or  is  it  confined 
merely  to  its  surface?  That  it  is  merely  superficial  is  susceptible 
of  proof  in  several  ways.  If  we  take  a solid  globe  of  metal,  and 
electrify  it  to  a certain  amount,  and  then  bring  it  in  contact  for 
a moment  with  a globe  of  similar  dimensions,  made  of  the 
thinnest  shell  of  the  same  metal,  we  shall  find  that  the  charge 
will  distribute  itself  equally  between  the  two.  If  we  take  a 
hollow  sphere,  with  an  aperture  at  its  upper  part,  and  having 
given  it  a charge  of  electricity,  touch  its  interior  with  a small 
insulated  ball,  upon  bringing  this  proof  ball  in  contact  with 
an  electroscope  we  shall  find  that  it  will  afford  no  signs  of 
having  received  a charge;  but,  on  the  contrary,  if  we  touch  the 
exterior  of  the  sphere,  it  will  carry  away  a part  of  the  charge 
with  it,  and  affect  the  instrument. 

How  much  the  intensity  of  the  electric  charge  depends  upon 
the  surface  may  also  be  very  elegantly  shown  by  means  of  a 
metallic  ribbon,  coiled  up  by  a spring,  upon  the  top  of  a gold- 
leaf  electrometer.  When  this  apparatus  is  electrified  the  leaves, 
of  course,  repel  one  another  in  proportion  to  the  charge  which 
they  receive.  If  the  ribbon  be  now  drawn  out  by  a silk  thread, 
or  other  insulating  handle,  the  leaves  will  approach  each  other 
in  proportion  to  the  enlargement  of  the  surface  over  which  the 
electricity  becomes  diffused;  and  as  it  again  coils  itself  up  they 
wiU  expand  to  their  original  amount.  Here  it  is  seen  that  the 
quantity  of  the  charge  remaining  the  same,  its  intensity  decreases 
with  the  increase  of  the  surface  over  which  it  is  suffered  to 
diffuse  itself,  and  that  the  quantity  of  electricity  which  a given 
portion  of  matter  may  receive,  depends  upon  the  dimensions  of 
its  external  surface. 

§ 313.  The  next  question  which  presents  itself  is,  how 
does  the  electricity  arrange  itself  around  surfaces  of  different 
forms?  in  a layer  of  equal  intensity  in  every  part,  or  otherwise? 
This  question  is  readily  submitted  to  experiment,  by  means  of  a 
small  insulated  disc,  which  being  apphed  to  any  part  of  the 
surface  of  an  electrified  conductor,  becomes  virtually  a part  of 
that  conductor;  and,  upon  being  removed,  carries  with  it  a por- 
tion of  the  charge  having  the  same  intensity  as  that  of  the  point 
to  which  it  was  applied,  and  which  may  be  measured  by  the 
torsion  electrometer.  This  little  instrument,  M.  Coulomb 
designated  as  the  Proof  Plane. 
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In  this  way  it  has  been  proved  that  in  the  case  of  an  electri- 
fied sphere,  the  intensity  is  the  same  at  every  part  of  the  sur- 
face;— but  this  is  the  only  form  of  surface  upon  which  this 
equal  distribution  takes  place.  If  two  similar  spheres  be  placed 
in  contact  with  one  another,  it  will  be  found  that  there  are  two 
points  of  greatest  and  equal  intensity  on  their  opposite  sides, 
in  a line  with  their  points  of  contact,  where  the  force  will  Ije 
null.  So  in  a cylinder,  or  bar  of  metal,  the  electrical  inten- 
sity will  be  much  greater  at  the  two  ends  than  in  the  middle, 
and  this  inequality  of  distribution  will  increase  very  rapidly  in 
proportion  to  the  diminution  of  the  diameter  of  a cylinder  of 
given  length. 

If  two  balls  of  unequal  diameters  be  placed  together,  the 
maximum  intensity  of  the  extreme  point  of  the  smaller  sphere 
will  be  higher  than  that  of  the  corresponding  point  of  the 
larger;  and  by  adding  a series  of  balls  in  contact  with  each 
other,  all  gradually  decreasing  in  size,  the  intensity  will  increase 
upon  the  smaller  as  the  diameter  decreases.  We  can  conceive 
a succession  of  such  balls  gradually  diminishing  till  the  series 
ends  in  a mere  point,  at  which  the  electric  tension  will  be  at  its 
maximum.  In  consequence  of  this  law  of  distribution,  a powerful 
dispersion  of  electricity  takes  place  from  all  bodies  of  a pointed 
form;  the  intensity  upon  them  increasing  to  such  an  extent  that 
the  surrounding  insulating  medium  of  air  gives  way  before  it, 
and  no  longer  suffices  to  constrain  it. 

§ 314.  Our  attention  has  hitherto  been  directed  to  the 
electricity  which  is  developed  upon  the  surfaces  of  two  dissi- 
milar substances  by  mutual  friction;  or  which  has  been  trans- 
ferred to  other  bodies  from  such  excited  substances  by  contact 
and  direct  communication.  We  have  now  to  examine  a remark- 
able influence  which  an  electrified  body  exerts  upon  other 
bodies  at  such  distances  from  it  as  prevent  the  direct  transfer 
of  any  portion  of  the  charge : the  neutral  state  of  an  insulated 
conductor  in  its  immediate  vicinity  is  destroyed.  If  it  be  in 
the  form  of  a cylinder,  furnished  with  electroscopes  at  each 
extremity  and  also  at  its  centre,  when  one  end  is  placed  near 
the  charged  substance  we  shall  find  the  two  extreme  electro- 
scopes indicating  electrical  activity,  while  the  centre  remains 
quiescent.  Upon  slowly  withdrawing  the  excited  body,  these 
secondary  electrical  signs  gradually  decrease,  and  finally  dis- 
appear upon  its  complete  removal  or  discharge.  Upon  examin*' 
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ing,  by  the  proof  plane  and  torsion  electrometer,  the  kind  of 
electricity  developed  by  this  distant  influence,  we  shall  find  that 
the  end  of  the  cylinder,  which  is  the  nearest  to  the  originally 
charged  body,  is  in  an  opposite  state  to  that  body,  and  the 
furthest  end  in  the  same  state;  that  the  cylinder  has,  in  fact, 
had  a,  polar  state  communicated  to  it:  "that  it  has  had  equal 
and  opposite  powers  communicated  to  it  by  a common  con- 
dition.” (§  16).  This  distant  action  of  an  electrified  body,  by 
which  its  own  charge  is  in  no  degree  lessened,  is  distingmshed 
by  the  name  of  induction:  the  secondary  state  of  the  neigh- 
bouring body  is  called  induced  electricity:  and  the  body  itself  is 
said  to  be  under  induction.  Further,  the  originally  active  body 
is  conveniently  distinguished  as  the  inductric  or  inductive  body, 
and  that  under  its  influence,  as  the  inducteous  body  (74). 

§ 315.  If,  whilst  in  a state  of  electric  induction,  that  end 
of  the  cylinder  which  is  most  remote  from  the  inductric  body 
have  its  electricity  discharged  by  a momentary  contact  with  an 
uninsulated  conductor,  upon  removal  of  the  inductric  body,  or 
its  discharge,  the  cylinder  will  be  found  to  be  permanently 
electrified  with  the  contrary  electricity:  or  if  the  cylinder  be 
divisible  into  two  at  its  centre,  and  while  under  induction  the 
opposite  ends  be  separated  from  each  other,  one  will  be  found 
permanently  electrified  vitreously,  and  the  other  resinously, 
upon  removal  from  the  influence  of  the  originally  charged  body. 
In  the  theoretical  language  of  Du  Fay’s  hypothesis,  the  fluid 

(74)  Let  a represent  an  electrified  ball,  and  5 c an  insulated 
metallic  cylinder,  near  it,  the  feather  attached  to  the  end,  b,  will  be 
attracted,  and  show  that  it  is  in  an  opposite  state  to  that  of  the 
charged  ball.  If  d e be  a second  insulated  cylinder,  placed  near  the 


e d c b 


first,  it  will  also  show  signs  of  electrical  charge,  and  the  extremity,  d, 
will  be  in  an  opposite  state  to  the  end,  c,  of  the  first  cylinder,  for  the 
feathers  attached  to  the  two  will  attract  each  other.  Upon  removing 
the  ball,  «,  from  the  vicinity  of  tlie  first  cylinder,  or  upon  discharging 
it,  all  signs  of  electricity  in  the  two  cylinders  will  disappear.^ 
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of  opposite  name  to  that  of  tlie  originally  excited  body  is 
drawn  to  that  extremity  of  the  cylinder  which  is  the  nearest  to 
it,  while  that  of  the  same  name  is  repelled  to  the  greatest 
distance.  When  the  latter  is  withdrawn,  and  the  induction 
destroyed,  it  cannot  return  to  neutralize  the  former,  which 
consequently  remains  in  an  active  state. 

This  polar  state  may  be  excited  in  a long  series  of  insulated 
conductors,  by  induction;  the  intensity,  however,  of  the  forces 
decreasing  rapidly  as  the  distance  from  the  originally  charged 
body  increases.  Throughout  the  system  the  vitreous  pole,  or 
end,  of  one  vdll  be  o]3posed  to  the  resinous  jDole  of  another,  and 
the  intensity  of  all  wiU  rise  by  connecting  the  last  with  the 
ground. 

§ 316.  Having  thus  distinguished  these  different  kinds  of 
action  into  which  electricity  has  been  conventionally  subdivided, 
we  may  now  proceed  to  examine  more  closely  the  mechanism 
of  the  phenomena;  for  an  explanation  of  which  we  are  wholly 
indebted  to  the  recent  researches  of  Dr.  Faraday.  Up  to  the 
date  of  his  discovery,  the  phenomena  of  induced  electricity 
were  supposed  to  arise  from  an  action  of  a charged  body  upon 
others  at  a distance,  in  straight  lines,  through  non-conducting 
media;  the  particles  of  which  were  assumed  to  be  unaffected  by 
it.  He  has  shown  induction,  on  the  contrary,  to  be  an  action 
of  contiguous  particles  throughout,  capable  of  propagation  in 
curved  lines,  and  to  be  concerned  in  all  electrical  phenomena; 
having  in  reality  the  character  of  a first,  essential,  and  funda- 
mental principle. 

§ 317.  We  have  seen  that  one  electric  force  cannot  be 
produced  without  an  exactly  equal  development  of  the  other; 
and  upon  more  attentive  examination  we  shall  find  that  no  kind 
of  matter,  either  conducting  or  non-conducting,  is  capable  of 
receiving  a charge  in  any  way  of  one  kind  of  electricity  inde- 
pendently of  the  other,  or  without  calling  forth  an  equal  amount 
of  the  opposite  force  in  adjacent  bodies.  It  was  formerly  sup- 
posed that  the  electric  fluid  was  confined  to  the  surfaces  of 
bodies  by  the  mechanical  pressure  of  the  non-conducting  air,  in 
the  midst  of  which  all  our  experiments  are  carried  on;  but  the 
fact  is,  that  the  electric  force  originating  or  appearing  at  a 
certain  place,  is  propagated  to,  and  sustained  at,  a distance, 
through  the  intervention  of  the  contiguous  particles  of  the  air^ 
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each  of  which  becomes  polarized  as  in  the  case  of  insulated 
conducting  masses,  and  appears  in  the  inducteous  body  as  a 
force  of  the  same  kind  exactly  equal  in  amount,  but  opposite  in 
its  direction  and  tendencies. 

Such  a forced  arrangement  of  the  molecules  cannot  be  made 
to  appear  to  the  eye  in  the  case  of  the  air,  but  is  estabhshed  by 
the  most  perfect  inductive  reasoning;  and  a similar  disposition 
may  actually  be  exhibited  by  substituting  a liquid  non-con- 
ductor for  the  air  under  similar  circumstances.  If  we  take  a 
taU,  wide-mouthed  glass-vessel,  and  place  it  upon  the  prime 
conductor  of  the  electrical  machine,  taking  care  that  there  may 
be  a good  metaUic  communication  through  its  bottom,  and  then 
fill  it  with  spirit  of  turpentine  containing  some  threads  of  white 
silk  about  one-eighth  of  an  inch  in  length  disseminated  through 
it,  they  will  be  little  affected  upon  turning  the  machine  tdl  a 
metallic  conductor  is  held  near  the  surface  of  the  liquid.  Upon 
presenting,  however,  such  a body,  they  will  immediately  erect 
themselves,  and  collecting  from  all  parts,  wdl  attach  themselves 
to  each  other  end  to  end,  and  form  a continuous  chain  from  the 
conductor  to  the  exterior  metal,  towards  which  they  will  always 
incline  as  it  is  moved  in  different  directions.  These  particles 
will  adhere  together  with  considerable  force,  as  may  be  felt  by 
touching  them  with  a rod  of  glass;  but  the  moment  the  con- 
ductor is  discharged,  they  fall  upon  their  sides,  and  sink  to  the 
bottom. 

Now  these  soUd  threads  of  silk  accurately  represent  the 
fluid  particles  of  the  spirit  in  which  they  float,  or  of  the  air 
which  is  interposed  betv’^een  a charged  conductor  and  sur- 
rounding bodies,  and  obviously  assume  a polar  state,  exactly 
resembling  that  of  insulated  conductors  in  similar  circumstances 
(75).  If,  instead  of  silk  threads,  we  oceasion  particles  of  gold- 


(75)  In  the  annexed  diagram,  let  A represent  an  insulated  elec- 
trified ball  placed  within  an  uninsulated  metallic  sphere,  abed,  filled 
with  a non-conducting  medium,  whose  particles  are  represented  hy  the 
small  included  circles.  These  will  he  all  thrown  into  a polar  state, 
indicated  by  the  shading,  resembling  the  silk  particles  in  the  spirit  of 
turpentine:  their  dissimilar  poles  will  be  all  turned  towards  the  ball  a, 
and  in  this  way  their  combined  influence  will  be  thrown  upon  the 
metallic  sphere,  a b c d,  which  will  thus  have  a force  of  the  opposite 
kind  to  that  upon  A,  developed  upon  it,  of  exactly  equal  amount,  hut 
diffused  over  the  larger  surface.  Strictly  speaking,  the  sphere  itself 
•will  ho  in  a polarized  state,  hut  the  electricity  on  its  other  surface,  of 
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leaf  to  float  in  the  spirit  of  turpentine,  the  resemblance  will  be 
perfect;  for,  on  approaching  them  with  a rod  of  metal,  when 
the  conductor  is  charged,  they  immediately  start  on  end  as  if 
endued  with  life,  assume  the  polar  state,  attract  each  other  end 
to  end,  but  owing  to  their  perfect  conduction,  discharge  their 
electricity  by  minute  sparks. 

Each  polarized  particle  is  in  active  relation,  not  only  to  a line 
of  particles  in  some  definite  direction  from  it,  but  to  all  those 
which  are  contiguous  to  it.  Hence,  there  is  a lateral  diflFusion 

the  same  name  as  that  of  the  interior  ball,  will  be  virtually  annihilated 
by  being  in  metallic  communication  with  the  indefinitely-large  surface 
of  the  earth. 

Moreover,  the  force  distributed  upon  abed,  the  quantity  of 
which  is  just  equivalent  to  that  upon  a,  will  be  reduced,  at  any 
given  point,  in  intensity,  in  proportion  to  the  square  of  the  distance 
from  the  centre  of  the  sphere. 

It  is  conceived  that  the  polarized  particles  are  capable  of  affecting 
each  other,  not  only  in  straight  lines  as  in  the  quadrant  a b c,  but  in 
lines  diverging  from  their  centres,  as  shown  in  the  quadrant  Aba. 

b 
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of  force,  and  the  lines  of  inductive  action,  when  unobstructed, 
tend  to  spread  as  from  a centre;  or  may  assume  a curved  direc- 
tion when  any  obstacle  opposes  their  free  radiation  (76). 

§ 318.  The  reason  of  the  residence  of  all  the  electricity 
upon  the  exterior  surface  of  a charged  body,  and  of  the  influence 
of  the  form  of  the  body  upon  its  distribution,  will  readily  appear 
from  considering  this  inductive  process.  No  charge  can  be 


(76)  In  consequence  of  the  lateral  action  of  the  particles  upon 
one  another,  if  u o be  an  obstacle  interposed  in  the  course  of  the 
induction  from  \ to  a b c d,  the  particles  1 2 3 4 5 6 7 will  he  pro- 
tected from  the  influence,  hut  the  induction  will  affect  the  particle  8, 
by  the  l)ending  of  the  lines  of  force  on  each  side  of  it. 


b 


d 


The  particles  1 2 3 4 5 6 7 themselves,  although  here  represented 
in  their  natural  state,  will  be  aft’ected  h}'^  a reflex  action;  but  will  he 
polarized  to  a much  low’er  degree  than  those  within  tlic  influence  of 
the  direct  action. 
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sustained  in  the  interior  of  the  globe  in  which  we  sought  it  in  a 
previous  experiment  (§312),  in  consequence  of  opposing  actions 
in  different  directions  (77);  but  if,  instead  of  touching  it  with  a 
small  insulated  ball  which  brought  away  no  electricity  with  it, 
we  touch  it  with  an  insulated  rod,  a part  of  which  projects 
beyond  the  sphere,  a charge  will  be  obtained. 

Dr.  Faraday  constructed  an  insulated  cubic  room  of  twelve 
feet  in  the  side,  into  which  he  went  with  all  his  apparatus  of 
lighted  candles,  electrometers,  and  all  other  tests  of  electrical 
states,  and  could  find  no  influence  upon  them,  although  the 
room  itself  was  highly  charged  by  a powerful  electric-machine, 
and  large  sparks  and  brushes  were  darting  off  from  every  part 
of  its  outer  surface. 

The  arrangement  which  strips  of  conducting  substances  tied 
together  and  electrified  at  one  end  assume,  indicates  very  clearly 
the  direction  of  the  lines  of  induction,  and  the  influence  of  si.r- 
rounding  objects.  Strips  of  paper  placed  upon  a long  rod  in 
connexion  with  the  prime  conductor  of  the  machine,  in  the 
centre  of  a large  apartment,  will  open  out  equally  like  radii 
from  the  centre  of  a sphere;  but  if  any  conducting  body  be 
approximated  to  them  in  their  charged  state,  they  will  incline 
towards  it  from  the  concentration  of  the  force  upon  its  nearer 
surface  (78)* 


(77)  Thus,  referring  back  to  Fig.  75,  if  we  suppose  a 6 c d to  be 
a hollow  sphere  charged  with  electricity,  an  insulated  ball,  a,  intro- 
duced into  it,  and  touching  it  in  any  part,  could  receive  no  charge, 
because  being  surrounded  by  a surface  in  one  electric  condition,  it 
could  not  induce  the  opposite  state  by  polarizing  the  surrounding  air, 
hy  which  alone  a charge  could  be  sustained.  This  will  be  obvious  at 
once,  by  supposing  the  ball.  A,  shaded  the  same  as  the  circle,  abed, 
to  denote  a similar  state  of  electricity, 

when  the  polarized  state  of  the  particles 
repi-esented  in  the  diagram  would  be  seen 
to  be  impossible. 

(78)  This  is  illustrated  by  the  ridicu- 
lous figure  of  the  head  of  hair,  which  is 
a common  electrical  experiment.  When 
electrified,  the  hair  stands  on  end;  and 
each  fibre,  as  if  in  a state  of  repulsion 
from  its  neighbour,  is  attracted  by,  and 
radiates  towards,  the  point  which  is  near- 
est to  it  in  the  oppos#cly  induced  state. 
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§ 319.  The  mutual  repulsion  of  these,  and  in  general  of 
all  similarly  electrified,  bodies  is  only  apparent,  and  arises  from 
the  absence  of  mutual  attraction  between  their  opposed  surfaces, 
while  they  are  attracted  in  opposite  directions  by  surrounding 
substances,  in  which  a dissimilar  state  is  induced. 

If  a large  gold-leaf  electrometer  be  constructed  of  gilt- 
paper,  exposing  a surface  of  some  square  inches  when  it  is 
thrown  into  action,  its  state  may  be  tested  by  a proof  plane 
or  carrier  ball;  and  it  will  be  found  that  no  charge  can  be 
obtained  from  the  opposite  interior  surfaces  of  the  leaves,  but 
that  the  exteriors  alone  are  in  an  active  state. 

Even  the  prime  conductor  of  the  electrical  machine  itself 
may  be  of  such  a construction  as  to  afford  proofs  of  no  electrical 
charge  upon  some  portions  of  its  surface,  while  strong  sparks 
may  be  drawn  from  others.  If  we  place  eight  or  ten  metallic 
rods  upon  it,  each  terminated  with  a ball,  and  all  diverging 
from  one  common  centre,  strong  sparks  may  be  drawn  from 
each  extremity  while  the  surfaces  of  any  of  the  interior  rods  of 
the  group  may  be  tested  with  the  proof-plane,  and  wUl  give  no 
indications  of  charge. 

§ 320.  The  known  influence  of  simple  form  to  W'hich  we 
have  already  referred  (§  313),  is  perfectly  consistent  with  the 
new  corpuscular  view  of  induction.  An  electrified  cylinder  is 
more  affected  by  the  influence  of  the  surrounding  conductors 
(which  are  necessary  to  its  charge)  at  the  ends  than  the  middle, 
because  the  ends  are  exposed  to  a greater  sum  of  inductive 
forces  than  the  middle;  and  a point  is  brought  to  a higher  con- 
dition than  a ball,  because  by  relation  to  the  conductors  around, 
more  inductive  force  terminates  upon  its  surface  than  on  an 
equal  surface  of  the  ball  with  which  it  is  compared  (79). 

§ 321.  A certain  degree  of  analogy  may  here  be  pointed 
out  between  electricity  and  the  action  and  reaction  of  elasticity 

(79)  Our  comprehension  of  this  statement  may  perhaps  be 
assisted  by  again  referring  to  Fig.  75.  The  charge  of  the  ball,  a,  as 
we  have  already  explained,  is  sustained  by  induction,  and  the  contrary 
state  of  the  surrounding  sphere,  abed.  If,  instead  of  the  ball  a,  w'e 
imagine  a point  to  be  introduced,  it  will  be  obvious  that  all  the  lines 
of  force  indicated  by  the  polarized  particles,  which  were  distributed 
over  the  surface  of  the  ball,  would  be  concentrated  upon  the  point, 
and  that  consequently  the  latter  might  rise  to  a higher  degree  of 
intensity  than  the  former. 
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as  exhibited  in  a spring,  and  may  be  useful  in  forming  a concep- 
tion of  the  mode  of  action  of  electrified  bodies. 

In  a coiled  steel  spring  we  have  a piece  of  meta),  capable 
of  having  a force  elicited  in  it  which  is  inactive  till  it  is 
called  forth  by  some  exterior  agent.  The  necessary  con- 
dition of  its  action  is,  that  it  must  be  exerted  to  the  same 
degree  in  opposite  directions.  If  we  either  compress  or  extend 
it,  we  can  feel  its  action  and  reaction,  or  estimate  it  by  other 
opposing  forces.  We  not  only  ascertain  in  this  manner  the 
opposite  forces  at  its  tv^o  extremities,  which  we  may  deno- 
minate positive  and  negative;  but  we  perceive  that  every  inter- 
mediate coil  is  in  a similar  state  of  action  and  reaction,  or  in 
fact,  in  a polar  state.  In  estimating  the  amount  of  force 
exerted,  we  measure  it  in  one  direction,  and  take  it  for  granted, 
that  the  amount  in  the  opposite  direction  is  equal.  And  so  it 
is  with  electricity;  aU  the  positive  and  negative,  or  vitreous  and 
resinous  phenomena  of  which,  may  probably  be  explained  by 
the  action  and  reaction  of  one  force  capable  of  being  elicited  in 
different  degrees  in  different  kinds  of  matter,  more  simply  than 
by  any  hypothesis  of  imponderable  fluids.  The  two  opposite 
forces  of  electricity,  in  fact,  resemble  action  and  reaction  per- 
fectly, inasmuch  they  have  the  same  origin  and  always  accom- 
pany each  other. 

§ 322.  Induction  requires  no  sensible  thickness  in  the 
conductors  which  may  be  used  to  hmit  its  extent;  an  unin- 
sulated leaf  of  gold  may  be  made  very  highly  vitreous  on  one 
side,  and  as  highly  resinous  on  the  other,  without  the  least 
interference  of  the  two  states  whilst  the  inductions  continue. 
But  with  regard  to  the  insulating  media,  their  thickness  has  an 
immediate  and  important  influence  on  the  degree  of  induction. 
There  is  perhaps  no  distance  so  great  that  induction  cannot 
take  place  through  it;  but  with  the  same  original  charge  or 
constraining  force,  it  takes  place  the  more  easily  according  as 
the  extent  of  the  medium  through  which  it  is  exerted  is 
lessened.  The  particles  of  the  latter,  though  thrown  into  a 
forced  condition  during  the  action,  tend  to  return  to  a normal 
state;  and  the  fewer  there  are  exerting  this  tendency,  the 
higher  wiU  be  the  condition  they  assume,  and  the  larger  the 
amount  of  inductive  action  exerted  through  them. 

§ 323.  If  an  insulated  brass  plate  be  connected  with  a 
gold-leaf  electrometer,  a charge  of  electricity  may  be  commu- 
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ideated  to  it  which  will  be  sustained  in  consequence  of  induction 
through  the  air  towards  distant  surrounding  objects,  and  its 
intensity  Avill  be  indicated  by  the  divergence  of  the  leaves : this 
divergenee,  it  being  now  understood,  not  arising  from  any  self- 
repulsive  property,  but  from  the  attraction  in  opposite  directions 
of  the  oppositely  electrified  inducteous  bodies  uncompensated 
by  any  attraction  between  themselves.  When  in  this  state,  if 
another  equal  plate,  also  insulated,  be  opposed  to  it,  as  it  is 
made  to  approximate  to  it  the  leaves  of  the  electrometer  will 
fall ; the  process  of  induction  being  directed  almost  wholly 
through  the  thin  intervening  stratum  of  air  to  the  nearer  body, 
which  will  itself  be  in  the  polar  state.  If  the  second  plate  be 
now  uninsulated  by  connecting  it  with  the  ground,  the  leaves 
will  stiU  further  collapse  as  the  electricity  of  the  same  kind  with 
that  of  the  inductric  body  will  be  virtually  annihilated  by 
diffusion  over  the  indefinitely  large  surface  of  the  earth.  When 
the  second  plate  is  again  withdrawn,  the  leaves  will  reopen  to 
their  former  extent,  indicating  that  the  inductive  process  has 
resumed  its  former  direction. 


§ 324.  The  inductric  plate,  whilst  under  the  influence  of 
the  second  plate,  appears  to  be  capable  of  receiving  a higher 
charge  of  electricity,  and  the  leaves  of  the  electrometer  may  be 
made  to  open  out  to  the  same  amount  as  in  the  absence  of  the 
latter ; for  the  charge  will  not  only  be  sustained  by  the  in- 
ducteous plate,  but  also  by  surrounding  olijects  as  before  it  was 
jflaced  in  its  position.  When,  under  these  circumstances,  the 
second  plate  is  again  removed,  the  accumulation  which  has  been 
effected  will  be  indicated  by  an  expansion  of  the  leaves  far 
beyond  their  original  amount;  the  whole  being  now  thrown 
upon  the  surrounding  conductors. 

This  is  the  principle  of  the  action  of  an  instrument  which 
has  been  called  the  condenser,  by  which  small  quantities  of 
electricity  may  be  accumulated  and  rendered  apparent  (80). 


a 


(80)  One  form  of  the  condenser  is 
exhibited  in  this  figure,  in  section:  b is  a 
brass  plate  supported  upon  a glass  stem ; 
a is  another  brass  plate  of  the  same  size 
as  the  former,  capable  of  being  placed  as 
close  to  it  as  possible  without  touching. 
It  is  supported  b}'  a brass  stem,  whicli 
moves  upon  a hinge  joint:  it  is  shown 
in  a second  position  at  c. 
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§ 325.  The  attraction  of  bodies  free  to  move,  by  others 
in  an  electrified  state,  is  in  all  cases  owing  to  the  previous 
development  of  the  opposite  condition  by  induction.  This  is 
beautifully  shown  in  an  arrangement  of  Mr.  S.  Harris,  in  which 
a circular  plate  of  gilded  wood  is  suspended  by  insulating  threads 
from  one  of  the  arms  of  a delicate  balance,  and  counterpoised. 
Upon  its  upper  surface  is  fixed,  by  a hinge  joint,  a small  lever 
of  straw  terminating  in  a pith  ball.  When  a similar  plate 
charged  is  brought  under  this  suspended  plate,  the  pith  ball 
indicates  by  its  repulsion  the  inducteous  state  which  precedes 
the  descent  of  the  plate  from  the  attractive  force.  When  they 
come  in  contact,  the  original  charge  is  divided  between  the  two 
plates,  and  mutual  repulsion  appears  to  take  place.  This  apjia- 
rent  repulsion  again  is  dependent  upon  the  attraction  of  each  in 
opjDOsite  directions,  by  the  inductric  action  which  it  exerts  upon 
surrounding  bodies. 

A pith  ball,  or  other  fight  substance,  placed  upon  a con- 
ducting surface  under  an  electrified  plate,  is  rendered  inducteous, 
and  drawn  upwards ; but  when  it  comes  in  contact  with  the 
plate  its  inducteous  state  is  destroyed,  it  is  charged  with  similar 
electricity,  and  becoming  inductric,  it  is  attracted  downwards, 
and  parts  with  its  charge. 

In  a similar  way  induction  always  precedes  charge  in  insulated 
conductors,  and  the  prime  conductor  of  the  machine  has  the 
resinous  state  strongly  elicited  upon  its  points  previously  to  its 
becoming  charged  with  the  vitreous  electricity  of  the  excited 
glass. 

§ 326.  There  is  another  instrument  of  electrical  research, 
called  the  electro])horm,  which  is  well  calculated  to  illustrate 
several  interesting  points  of  the  process  of  induction.  It  con- 
sists of  a plate  of  resinous  matter  about  half  an  inch  thick. 


A condenser,  similar  to  that  in  I lie 
preceding  figure,  is  here  shown  in  con- 
nexion with  a gold-leaf  electrometer. 
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placed  upon  a plate  of  metal.  A second  polished  metal  plate  of 
rather  smaller  diameter,  is  fitted  with  a glass  insulating  handle, 
by  which  it  can  be  lifted  on  or  off  the  upper  surface  of  the  plate 
of  resin.  When  the  resin  has  been  excited  by  gentle  friction 
with  dry  fur  or  flannel,  and  the  plate  placed  upon  it  by  its 
handle,  and  immediately  removed,  it  will  be  found  to  have 
received  a very  feeble  charge  of  resinous  electricity  by  contact. 
If  it  be  then  replaced  and  uninsulated  by  eontact  with  the  finger 
or  a metallic  rod,  and  again  lifted  by  its  insulating  handle,  it 
will  be  found  to  give  a strong  spark  of  vitreous  electricity.  This 
process  may  be  repeated  an  unlimited  number  of  times  without 
requiring  any  fresh  excitation  of  the  plate,  which  circumstance, 
as  well  as  the  opposite  nature  of  the  charge,  shows  that  the 
electricity  of  the  moveable  plate  is  not  derived  in  the  way  of 
charge  from  the  resin,  but  is  the  result  of  the  process  of  induc- 
tion. The  metallic  plate  cannot,  in  fact,  be  considered  in 
absolute  contact  with  the  resinous,  owing  to  the  inequalities  of 
the  surface  of  the  latter:  the  former,  therefore,  is  precisely  in 
the  state  of  a conductor  opposed  to,  but  not  touching,  an  elec- 
trified surface;  and  therefore  capable  of  being  rendered  electrical 
by  induction,  when  uninsulated  by  contact  of  the  finger.  As 
the  resin  loses  but  little  of  its  acquired  charge  by  each  contact, 
the  instrument  is  capable  of  being  used  as  a permanent  source 
of  electricity  always  at  command,  and  in  a dry  atmosphere  will 
remain  in  action  for  many  successive  months  (81). 

§ .S27.  When  the  electrophorus  is  placed  upon  an  insu- 
lating stand,  its  lower  plate  is  always  found  in  an  opposite  state 
to  the  upper  one ; proving  that  the  friction  of  the  upper  surface 
communicates  a polar  state  to  all  the  particles  of  the  resin  which 
penetrates  even  through  its  mass.  This  charge  it  is  necessary 
to  remove  by  contact  with  an  uninsulated  substance,  to  give  full 
effect  to  the  opposite  charge  upon  the  upper  plate. 

§ 328.  It  was  by  an  apparatus  eonstructed  upon  similar 


(81)  This  figure  represents  the 
electrophorus.  a a are  two  metallic 
plates,  and  b a plate  of  resinous  matter. 
The  upper  metallic  j)late  has  an  insu- 
lating handle,  c,  by  which  it  can  be 
lifted  from  its  position,  and  replaced. 
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principles  that  Dr.  Faraday  brought  to  the  test  of  experiment 
his  theoretical  anticipation  that  inductive  action  taking  place 
invariably  through  the  intermediate  influence  of  intervening 
matter^  would  be  found  to  be  exerted,  not  in  the  direction  of 
straight  lines  only,  as  had  always  been  assumed,  but  also  in 
curved  hues.  A cylinder  of  solid  shell-lac  of  about  an  inch  in 
diameter  and  seven  inches  in  length,  was  fixed  in  a wooden 
foot ; it  was  made  concave,  or  cupped,  at  its  upj^er  extremity, 
so  that  a brass  ball,  or  hemisphere,  could  stand  upon  it.  The 
upper  half  of  the  stem  having  been  excited  resinously  by  friction 
with  warm  flannel,  a brass  ball  was  placed  upon  the  top,  and 
then  the  whole  arrangement  examined  by  the  carrier  ball  and 
Coulomb’s  electrometer. 

For  this  purpose  the  carrier  was  applied  to  various  parts  of 
the  ball,  the  tvm  were  uninsulated  whilst  in  contact,  or  in 
position,  then  insulated,  separated,  and  the  charge  of  the  carrier 
examined,  as  to  its  nature  and  force.  Of  course  whatever 
general  state  the  carrier  acquired  in  any  place  where  it  was 
uninsulated,  and  then  insulated,  it  retained  on  removal  from 
that  place,  and  the  distribution  of  the  force  upon  the  surface  of 
the  inducteous  body  while  under  the  influence  of  the  inductric 
was  ascertained.  The  charges  taken  from  the  ball  in  this,  its 
uninsulated  state,  were  always  vitreous,  or  of  the  contrary 
character  to  the  electricity  of  the  lac.  When  the  contact  was 
made  at  the  under  part  of  the  ball,  the  measured  degree  of  force 
was  512°;  when  in  a line  with  its  equator,  270°;  and  when  on 
the  top  of  the  ball,  130°  (82). 


(82)  The  shell-lac  electrophorus,  with  the 
brass  ball  upon  its  summit,  is  here  exhibited, 
together  with  the  positions  of  the  carrier  ball, 
referred  to  in  the  text.  When  placed  at  d,  the 
effect  produced  was  512°;  at  c,  270°;  at  5,  130°. 
Even  in  the  position  c,  the  proof  ball  became  ® 
inducteous,  and  at  a it  was  affected  in  the  highest 
degree,  and  gave  a result  above  1000°. 
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Now,  the  first  two  charges  were  of  such  a nature  as  might 
be  expected  from  an  inductive  action  in  straight  lines ; but  the 
last  was  clearly  an  action  of  induction  in  a curved  line ; for 
during  no  part  of  the  process  could  the  carrier  ball  be  connected 
by  a straight  line  with  any  part  of  the  excited  and  inducting 
shell-lac.  To  render  the  experiment  still  more  decisive,  the 
carrier  ball  was  not  placed  in  contact  with  the  larger  ball  at  all, 
but  a little  above  it;  when,  having  been  uninsulated,  insulated, 
and  afterwards  examined,  it  was  found  charged  vitreously,  and 
even  to  a higher  degree  than  when  it  had  been  in  contact. 

§ 329.  If  instead  of  the  ball  a disc  or  hemisphere  of 
metal,  of  two  inches  diameter,  be  used,  no  charge  will  be  given 
to  the  carrier  when  placed  on  its  centre ; but  when  placed  con- 
siderably above  the  same  spot,  a charge  will  be  obtained ; and 
this  even  if  the  plate  be  merely  a thin  film  of  gold-leaf.  Hence 
it  is  clear  that  the  induction  is  not  through  the  metal,  but 
through  the  air,  and  that  in  curved  lines,  by  which  it  turns  the 
corner  of  the  plate.  The  course  of  the  inductric  action  may  thus 
be  disturbed  from  its  rectilineal  direction  by  the  shape  and 
position  of  the  metallic  plate ; and  the  lines  of  direction  will 
assume  a curved  form  in  consequence  of  their  lateral  tension  on 
one  another ; all  depending,  as  Dr.  Faraday  conceives,  on 
induction  being  an  action  of  the  contiguous  particles  of  the 
insulating  body,  thrown  into  a state  of  polarity  and  tension,  and 
capable  of  communicating  their  forces  in  all  directions  (83). 

When  uninsulated  conducting  matter  was  brought  near  to 
the  excited  shell-lac  stem,  the  inductive  force  was  directed 


(83)  When  the  carrier  hall  was  placed  in 
the  respective  positions  delineated  in  the  figure, 
at  i,  the  force  was  112°;  at  /c,  108°;  at  /,  05°; 
at  w?,  35°;  the  inductive  force  gradually  dimi- 
nishing to  this  point.  But  on  raising  the  carrier 
to  the  position  h,  the  charge  increased  to  87°, 
and  on  raising  it  still  higher,  to  o,  it  still  further 
increased  to  105°.  At  a higher  point  still,  p, 
the  charge  decreased  to  98°,  and  continued  to 
diminish  for  more  elevated  positions. 

The  analogy  between  these  experimental 
results,  and  the  theoretical  deductions  repre- 
sented in  Fig.  70,  will  be  at  once  perceived. 
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towards  it,  and  could  not  be  found  on  the  top  of  the  plate. 
The  lateral  tension,  or  mutual  repulsion,  of  the  lines  was  so 
much  lessened,  that  no  inducteous  charge  could  be  given  to  the 
carrier  ball  in  that  position ; but  upon  removing  the  matter,  the 
lines  of  force  resumed  their  former  direction. 

§ 330.  The  phenomena  of  induction,  which  we  have  been 
examining,  we  have  considered  principally  as  produced  by  the 
intervention  of  the  aerial  molecules  of  our  atmosphere  : we  must 
now  enter  upon  a closer  investigation  of  the  inductive  properties 
of  other  insulating  media.  We  have  already  found  that  liquid 
oil  of  turpentine  is  capable  of  undergoing  the  same  polarization 
of  particles ; and  we  have  had  reason  to  conclude  from  one  of 
the  properties  of  the  electrophorus,  that  resinous  solids  are 
susceptible  of  the  same  forced  arrangement  under  the  influence 
of  an  excited  charge.  All  insulating  substances,  or  substances 
which  are  capable  of  this  peculiar  development  of  the  two 
opposite  electrical  forces,  whether  solid,  liquid,  or  aeriform.  Dr. 
Faraday  classes  together  under  the  name  of  dielectrics. 

§ 331.  We  have  seen  (§  324)  that  by  approximating  a 
metallic  plate  to  a charged  conductor,  so  as  to  leave  an  inter- 
vening portion  of  air,  the  conductor  is  capable  of  receiving  a 
higher  charge,  and  the  air  of  assuming  a higher  polar  tension, 
than  when  the  charge  is  sustained  by  distant  objects  in  ordinary 
circumstances.  The  tension  increases  with  the  thinness  of  the 
aerial  stratum,  and  is  in  inverse  proportion  to  the  squares  of  the 
distances  of  the  two  plates,  or  rather  to  the  number  of  the 
particles  of  the  interposed  dielectric.  It  is  necessary  to  the 
attainment  of  the  maximum  effect  that  the  second  plate  be 
uninsulated ; that  is  to  say,  that  it  be  prevented  itself  from 
assuming  the  polar  state  by  the  annihilation  of  its  remoter 
associate  force,  by  the  reaction  of  which  the  induction  would 
otherwise  be  limited : or,  more  accurately  speaking,  by  allowing 
it  to  diffuse  itself  over  the  indefinitely  large  surface  of  the  earth, 
thereby  proportionately  lowering  its  tension.  The  rise  of  the 
force,  under  these  circumstances,  is  ultimately  limited  by  the 
mobility  of  the  particles  of  the  air,  in  consequence  of  which  the 
equilibrium  is  restored  either  silently  or  in  the  form  of  a spark. 

But  if  a solid  dielectric  be  substituted  for  the  air,  the  state 
of  tension  is  capable  of  rising  to  a degree  limited  only  by  its 
cohesive  force.  Thus,  if  a plate  of  glass  be  coated  on  botli  sides 
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■with  tinfoil,  within  an  inch  or  two  of  its  edge  all  round,  and 
one  side  be  placed  in  connexion  with  the  prime  conductor  of 
the  electrical  machine,  we  shall  have  an  exactly  similar  arrange- 
ment to  that  of  the  two  plates  of  the  condenser,  with  its 
interposed  stratum  of  air.  Upon  connecting  the  opposite 
coating  with  the  ground  to  destroy  its  polar  state,  the  particles 
of  the  glass  are  forced  into  a polarized  or  constrained  condition 
by  the  electricity  of  the  charging  apparatus  j which  is  sustained 
till  the  return  of  these  particles  to  their  natural  state  from  their 
state  of  tension,  whenever  the  two  electric  forces  are  allowed  to 
neutralize  themselves  by  some  other  channel,  as  by  the  interpo- 
sition of  a good  conducting  body  between  the  coatings.  The 
quantity  of  force  which  may  be  thus  accumulated  may,  in  some 
degree,  be  estimated  by  the  number  of  turns  which  it  may  be 
necessary  to  give  the  machine  before  the  intensity,  as  measured 
by  the  electrometer,  rises  to  the  same  degree  as  that  which  is 
almost  instantaneously  communicated  to  the  conductor,  when 
the  charge  is  sustained  alone  by  the  inductive  medium  of  the 
air  to  surrounding  objects,  and  will  be  found  to  be  in  proportion 
to  the  coated  surface  of  the  glass  (84). 


(84)  Upon  the  molecular  hypothesis  of  induction,  Fig.  1 may 
represent  a plate  of  glass,  with  its  metallic  coatings,  a b and  c d,  in  its 
neutral  state. 

In  Fig.  2,  we  suppose  the  same  plate,  with  its  metallic  coating,  a b, 
in  contact  with  the  charged  conductor  of  an  electrical  machine.  Its 
other  coating  we  also  suppose  to  he  insulated;  and,  as  we  know,  the 
plate  cannot  be  charged.  The  coating,  a b,  however,  being  vitreous,  v. 


not  only  will  the  particles  of  the  glass  he  thrown  into  a polar  state, 
but  the  coating,  c d,  Avill  also  be  polar,  uv,  by  induction  to  surround- 
ing objects ; but  the  charge  cannot  rise  to  any  degree  of  intensity, 
because  the  vitreous  electricity  of  the  latter  cannot  be  carried  off,  or 
diffuse  itself  upon  the  earth,  but  will  react  upon  the  glass.  But  if  we 
uninsulate  this  coating,  then  will  Fig.  3 represent  the  high  state  of 
tension  which  the  forces  will  assume  under  the  inductive  process, 
when  a high  charge  of  vitreous  electricity  upon  a h will  sustain  an 
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§ 332.  There  is  no  difficulty  in  perceiving  that  the  oppo- 
site surfaces  of  the  dielectric  and  conductors  may  be  arranged  in 
different  forms  without  impairing  the  effects;  and  experience 
has  proved  that  coated  jars  or  bottles  are  the  most  convenient 
for  extensive  apparatus  of  this  condensing  kind.  The  honour 
of  the  discovery  of  the  means  of  accumulating  electricity  is 
generally  given  to  a Dutch  philosopher,  of  the  name  of  Mus- 
chenbroek,  who  resided  at  Leyden;  and  hence  the  name  of  the 
Leyden  jar,  by  which  the  arrangement  is  commonly  known. 
He  instituted  some  experiments  for  the  purpose  of  ascertaining 
whether  a greater  charge  might  not  be  given  to  electrified 
bodies,  by  surrounding  them  with  more  perfect  non-conductors 
than  the  air;  and  with  this  view  he  attempted  to  charge  some 
water  contained  in  a glass  vessel.  An  iron  nail  passed  through 
a cork,  and  communicated  with  the  water  in  a phial,  which  was 
grasped  in  the  hand.  After  holding  the  nail  for  some  time  in 
contact  with  the  prime  conductor  of  the  machine,  he  attempted 
to  remove  it  with  the  other  hand,  and  experienced  a violent 
concussion  in  the  arms,  and  across  the  breast.  This  experiment 
soon  became  popular,  and  the  sensation  it  produced  was  called 
the  electric  shock.  The  first  experimenters  gave  ludicrous  and 
exaggerated  accounts  of  its  effects,  which  served  to  excite 
curiosity  to  a ver)’^  high  degree;  and  in  the  very  year  of  its 
discovery  it  was  showm  by  itinerant  exhibitors  in  every  part  of 
Europe.  The  principles  upon  which  this  accumulation  or 
power  depended  were  not  of  course  understood;  but  it  is  now 
obvious  that  the  water  in  the  phial,  and  the  hand  which  grasped 
it,  acted,  although  more  imperfectly,  as  the  two  coatings  of  the 
glass.  When  the  nail  was  touched  with  the  other  hand,  a good 
conducting  communication  with  the  two  surfaces  was  opened, 
by  means  of  the  fluids  of  the  body,  through  which  the  tension 
and  polarity  of  the  forces  were  destroyed  (85). 

The  quantity  of  electricity  which  may  be  accumulated  in  a 


equal  charge  of  resinous  electricity  upon  d c,  by  the 
polar  arrangement  of  the  particles  of  the  interposed 
dielectric. 

(85)  This  is  the  usual  form  of  the  Leyden 
jar.  The  interior  coating  reaches  up  to  nearly  the 
same  height  as  the  exterior,  and  is  in  metallic 
communication  with  the  brass  hall,  by  means  of  a 
wire  passing  down  to  the  bottom. 
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Leyden  jar  depends  upon  the  extent  of  its  coated  surface;  its 
intensity,  upon  the  thinness  of  the  glass. 

§ 3.S3.  When  large  quantities  of  electricity  are  required 
for  experiment  it  is  found  more  convenient  in  general  to  employ 
several  jars  instead  of  one;  and  a number  of  jars  arranged 
together^  with  their  internal  and  external  coatings  respectively 
in  metallic  communication,  is  called  an  electrical  battery. 

In  practice  it  is  found  impossible  to  diminish  the  thickness 
of  the  glass  beyond  a certain  extent;  for  the  constrained  position 
of  its  polarized  particles  becomes  at  length  so  extreme  that  the 
cohesive  force  itself  gives  way,  and  the  charge  passes  with 
violence  through  a hole,  which  it  pierces  for  itself  in  the  weak- 
est part  of  the  plate. 

§ 334.  A method  has  already  been  indicated  (§  331)  of 
roughly  estimating  the  quantity  of  electricity  in  a charge,  by  the 
number  of  tmms  of  the  electrical  machine.  Its  intensity  may 
be  approximatively  determined  by  the  amount  of  apparent 
repulsion  between  any  two  moveable  bodies  under  its  influence; 
or  rather  by  the  amount  of  their  opposite  attractions  by  sur- 
rounding bodies  under  their  inductive  influence.  An  instru- 
ment was  contrived  by  Henley,  for  measuring  this  efiect  upon 
the  graduated  arc  of  a circle  (86). 

§ 335.  But  we  are  indebted  to  Mr.  Snow  Harris  for  an 
accurate  instrument  for  ascertaining  this  important  point,  founded 
upon  the  following  j^rinciples. 

From  what  has  preceded,  it  will  be  obvious,  that  if  a Lej^^den 
jar  be  insulated  it  will  be  incapable  of  receiving  a charge  of  any 
considerable  amount.  In  proportion  as  the  vitreous  electricity 
is  communicated  to  its  interior  coating,  it  is  necessary  that  the 
same  quantity  should  be  removed  from  the  exterior,  which 
would  otherwise  counteract  the  resinous  electricity  by  which 


(86)  The  Quadrant  Electrometer  is  here  represented. 
It  is  screwed  upon  the  jar,  or  battery,  whose  charge  it  is 
intended  to  indicate;  and  as  it  increases,  the  Uglit  index, 
composed  of  a stra\v  terminated  by  a pith-ball,  movqs 
from  its  centre  of  suspension,  and  measures  the  intensity 
upon  the  graduated  semicircle. 
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the  charge  is  sustained.  This  may  be  effected  by  connecting 
it  with  the  ground,  or  with  the  coating  of  another  jar,  which 
will  thus  also  become  charged,  provided  its  exterior  coating  be 
uninsulated.  A long  series  of  insulated  jars  may  thus  be  charged 
from  each  other,  provided  the  opposing  electricity  of  the  last 
be  withdrawn:  and  we  thus  obtain  a polar  arrangement  through 
glass,  of  a precisely  similar  nature  to  that  which  we  formerly 
obtained  through  air,  but  of  a much  higher  degree  of  inten- 
sity (87). 

If  a very  small  jar  be  thus  connected  with  a large  one,  the 
quantity  of  electricity  which  is  sufficient  to  carry  the  charge  of 
the  first  up  to  a high  degree  of  intensity,  when  diffused  over  the 
larger  surface  of  the  second,  will  scarcely  be  appreciable;  so 
that  it  will  require  many  charges  of  the  former  to  charge  the 


(87)  Let  6 be  a Leyden  jar,  stand- 
ing upon  the  glass  support,  a.  It  will 
receive  no  charge  from  the  prime  con- 
ductor, unless  a conducting  communica- 
tion be  made  with  its  outside  coating 
and  the  earth.  If  an  uninsulated  second 
jar  be  placed  at  c,  the  electricity  which 
passes  off  from  the  outside  coating  of  6, 
will  charge  c,  and  for  every  spark  which 
.passes  from  the  prime  conductor  to  b,  a 
similar  one  mil  pass  from  b to  c. 


A polar  arrangement  of  three  jars  is  here  shown,  in  which  the 
extremity,  p,  of  the  prime  conductor  is  positively  electrified.  The 


balls,  p p p,  connected  with  the  interior  coatings  of  the  jars,  a b c,  are 
also  positive,  and  the  exterior  coatings,  ?i  n n,  the  last  of  which  dis- 
charges its  positive  electricity  to  the  ground,  are  negative:  or,  it  should 
be  rather  said,  that  the  opposite  surfaces  of  the  glass  with  which  they 
are  respectively  in  contact,  are  in  these  opposite  states. 
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latter  to  the  same  degree.  This  is  the  principle  of  Mr.  Harris’s 
unit  jar.  Instead  of  transmitting  the  electricity  evolved  by  the 
machine  immediately  from  its  conductor  to  a large  jar  or  battery, 
he  communicates  the  charge  from  the  outer  coating  of  a small 
jar,  furnished  with  a discharging-rod,  by  which  the  distance 
between  its  two  coatings  may  be  regulated  and  measured;  and 
by  the  number  of  explosions,  that  is  to  say,  by  the  number  of 
charges  which  have  passed  from  the  smaller  jar,  the  quantity 
accumulated  in  the  battery  may  be  very  accurately  estimated. 
By  diminishing  or  increasing  the  distance  between  the  dis- 
charging surfaces,  the  value  of  the  unit  may  be  varied  at 
pleasure  (88). 

§ 336.  In  the  usual  construction  of  the  Leyden  jar,  or 
battery,  the  stem  or  wire  by  which  the  charge  is  communicated 
to  the  interior  coating  is  left  attached  to  it;  the  consequence  is, 
that  the  induction  does  not  take  place  solely  through  the  glass 
to  the  opposite  coating,  but  is  partly  directed  through  the  au- 
to surrounding  conductors;  this  portion  has  commoidy  been 
called /ree  charge.  It  is  only,  however,  so  far  free  as  that  it  is 
not  supported  by  the  particles  of  the  glass  between  the  metallic 
coatings,  but  by  those  of  the  air  intervening  between  one 
coating  and  surrounding  objects.  When  a charged  jar  is  insu- 
lated, this  free  charge  may  be  removed  from  the  interior,  by 
contact  with  a conducting  body;  when  a corresponding  portion 
of  free  charge  of  the  opposite  kind  will  make  its  appearance 
upon  the  outside  coating,  owing  to  the  induction  which  mil 

(88)  The  Unit  Jar  is  here  represented  mounted 
upon  an  insulating  stand,  f.  A communication  is 
made  with  the  prime  conductor  of  the  machine,  and 
the  exterior  coating  hy  the  wire,  and  the  interior 
coating  is  connected  with  the  interior  coating  of  the 
jar  to  be  charged  by  the  wire,  a d.  The  value  of  the 
unit  of  measure  is  determined  hy  the  distance  between 
the  balls,  c and  d,  or  the  striking-distance  of  the 
spark.  The  effect  of  a spark  from  c to  c?  is  to  neu- 
tralize the  coatings  of  the  unit  jar,  and  to  distribute  a 
corresponding  quantity  of  electricity  over  the  surface 
of  the  large  jar.  On  giving  a second  charge  to  the 
unit  jar,  the  large  jar  receives  an  increment  equal  to 
what  it  received  from  the  first  charge,  and  the  second 
spark  only  neutralizes  the  charge  of  the  unit  jar,  as 
before,  &c. 


CHARGE  OF  GLASS. 


263 


now  be  at  liberty  to  direct  itself  from  that  part  to  surrounding 
objects.  By  successive  alternate  contacts,  the  whole  of  the 
charge  may  ultimately  be  removed,  and  the  glass  return  to  its 
natural  condition. 

The  exterior  conducting  communication  may  be  so  contrived 
that  it  may  be  removed  after  the  charge  has  been  communicated, 
and  then  the  induction  will  be  determined  entirely  through  the 
glass,  and  the  charge  on  one  side  will  be  sustained  by  an  exactly 
equal  quantity  of  the  contrary  electricity  on  the  other.  All 
interference  of  surrounding  objects  being  thus  cut  off,  the  jar 
wiU  retain  its  charge  for  an  indefinite  period. 

§ 337.  Tliat  the  charge  of  the  Leyden  jar  is  dependent 
entirely  upon  the  dielectric  glass,  and  not  upon  the  conducting 
coatings,  is  proved  by  constructing  a jar  with  moveable  conduc- 
tors. If  such  an  apparatus  be  charged  the  interior  lining  may 
be  lifted  out  by  an  insulating  handle,  and  the  jar  itself  raised 
from  its  exterior  metallic  case,  and  still  the  charge  will  remain. 
In  this  case  the  superficial  rows  of  particles  on  both  sides  of 
the  dielectric  become  charged  by  the  intervention  of  the  metal 
plates,  and  retain  that  charge  after  they  are  removed;  those  on 
one  side  being  in  the  opposite  state  to  those  on  the  other,  and 
the  intermediate  particles  in  a polar  state.  The  glass  is  exactly 
in  the  same  state  as  the  resin  of  the  electrophorus  after  it  has 
been  excited  by  friction.  The  only  use  of  the  coatings  is  to 
furnish  a ready  means  of  communication  between  the  charged 
particles,  by  which  the  opposite  forces  may  be  neutralized  at 
the  same  moment  when  the  circuit  is  completed  between  them. 
Without  the  coatings  the  jar  may  be  discharged,  as  it  were, 
piecemeal;  but  upon  replacing  them,  the  discharge  will  take 
place  in  the  usual  instantaneous  way. 

Neither  are  the  coatings  absolutely  necessary  to  the  charge 
of  a glass  plate.  If  a clean  dry  glass  jar  be  held  over  an  elec- 
trified metallic  rod,  the  point  of  which  is  brought  opposite 
different  parts  of  its  surface,  it  will  become  charged,  and  if 
metallic  coatings  be  then  applied,  it  may  be  discharged  at  once; 
or  if  it  be  placed  upon  a metallic  plate,  over  some  pith  balls, 
or  other  light  substances,  they  will  be  attracted  and  repelled 
backwards  and  forwards,  and  effect  the  discharge  of  the  elec- 
tricity, which  induces  from  the  interior  towards  the  plate.  They 
will  then  remain  at  rest;  but  if  the  electricity  which  has  now' 
been  disengaged  upon  the  outside  towards  surrounding  objects 
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be  removed  by  a touch  of  the  hand,  a fresh  portion  will  be  set 
free  on  the  interior,  and  the  attraction  and  repulsion  of  the 
balls  wiU  again  take  place;  and  thus  for  many  times  successively 
the  action  will  be  renewed,  until  the  glass  returns  to  its  natural 
state  (89). 

§ 338.  From  the  peculiar  view  which  he  had  taken  of 
the  phenomena  of  induction.  Dr.  Faraday  was  led  to  expect 
some  particular  relation  of  the  process  to  the  different  kinds  of 
matter  through  which  it  might  be  exerted,  or  something  equiva- 
lent to  a specific  electric  induction  for  different  bodies.  This 
relation  he  succeeded  in  establishing  by  the  most  decisive 
experiments.  He  examined  carefully  inductive  action  when 
taking  place  through  different  media,  by  means  of  an  apparatus, 
consisting  of  two  metallic  spheres  of  unequal  diameter,  placed 
the  smaller  within  the  larger,  and  concentric  with  it.  The 
interval  between  the  two,  being  the  space  through  which  the 
induction  was  to  take  place,  could  be  filled  with  either  solids  or 
liquids,  and,  by  previous  exhaustion  by  the  air-pump,  with 
aeriform  matter,  which  could  be  retained  between  the  surfaces 
for  any  length  of  time.  The  interior  ball  was  supported  in  its 
place  by  a stem,  carefully  covered  with  shell-lac,  and  passing 
through  a collar  fixed  to  the  upper  hemisphere  of  the  exterior 
sphere.  The  inductive  apparatus  was,  in  fact,  a Leyden  phial, 
with  the  advantage  of  permitting  the  dielectric,  or  insulating 
medium,  to  be  changed  at  pleasure.  By  peculiar  and  dehcate 
manipulation,  definite  charges  of  electricity  were  communicated 
to  this  Leyden  apparatus,  and  the  aptness  or  capacity  of  differ- 
ent media  for  induction  was  ascertained  by  means  of  a Cou- 
lomVs  electrometer  and  carrier  ball. 

The  question  to  be  resolved  maybe  stated  thus: — Suppose 
an  electrified  plate  of  metal  (a)  insulated  in  the  air,  and  b and 
c,  two  exactly  similar  plates  placed  parallel  to,  and  on  each 


(89)  An  electrified  bell  jar  is  here  repre- 
sented, placed  upon  a metallic  plate,  and  the 
pith-balls  in  their  state  of  alternate  attraction 
and  repulsion. 
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side  of  A at  equal  distances  and  uninsulated;  a will  then  induce 
equally  towards  b and  c.  If  in  this  position  of  the  plates, 
some  other  dielectric  than  air,  as  shell-lac,  he  introduced 
between  a and  c,  wall  the  induction  between  them  remain  the 
same?  Will  the  relation  of  c and  b to  a be  unaltered,  notwith- 
standing the  difference  of  the  dielectrics  between  them? 

These  simple  conditions  of  the  experiment  were  afterwards 
combined  by  Dr.  Faraday,  in  an  instrument  which  he  has  called 
a differential  inductometer;  which  consists  of  three  insulated 
metallic  plates  placed  as  above  suggested;  each  exterior  one  being 
connected  with  an  insulated  gold-leaf  of  an  electrometer.  When 
a charge  is  communicated  to  the  centre  plate  under  ordinary 
circumstances,  the  induction  is  equal  on  both  sides,  and  the  gold 
leaves,  being  similarly  affected,  apparently  repel  each  other; 
but  if  a thick  plate  of  shell-lac  be  interposed  between  two  of  the 
plates,  unequal  induction  will  take  place  on  the  two  sides,  and 
the  gold  leaves  wiU  attract  one  another.  The  final  result  which 
Dr.  Faraday  obtained  may  thus  be  stated: — 

Specific  inductive  capacity  of  Air  . . .1 

„ „ Glass  . . . 1.76 

„ „ Shell-lac  . . 2 

„ „ Sulphur  . . 2.24 

Tlie  results  obtained  with  spermaceti,  oil  of  turpentine,  and 
naphtha,  were  not  in  opposition  to  the  conclusion  that  their 
inductive  capacities  were  higher  than  that  of  air,  but  their 
conducting  powers  interfered  with  the  result. 

With  regard  to  aeriform  matter,  one  most  striking  result 
came  out;  namely,  that  all  had  the  same  power  of,  or  capacity 
for,  sustaining  induction,  and  that  no  variations  in  their  density 
or  elasticity  produced  variation  in  the  electric  tension,  until  the 
rarefaction  was  such  that  discharge  could  take  place  across 
them.  Hot  and  cold  air  were  compared  together,  also  damp 
and  dry  air,  but  no  difference  was  found  in  the  resxffts. 

The  fact  of  a different  specific  inductive  capacity  in  dif- 
ferent dielectrics  has  been  recently  confirmed  by  Mr.  Snow 
Harris.  He  instituted  a series  of  experiments  for  determining 
with  precision  their  comparative  powers  of  insulation,  and  of 
sustaining  by  induction  charges  of  electricity.  The  substances 
examined  were  cast  into  the  form  of  circular  plates,  and  furnished 
on  both  their  surfaces  with  circular  coatings  of  tinfoil  of  a dia- 
meter equal  to  one-half  that  of  the  plate,  and  the  electric  inten- 
sities were  measured  by  electrometers  of  great  precision.  From 
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results  it  appears  that  the  inductive  capacities  of  the  dielectric 
bodies  tried,  that  of  air  being  expressed  by  unity,  are  propor- 
tional to  the  following  numbers: — 


Substances. 

Air  . 

Rosin 

Pitch 

Bees’  wax  . 
Glass 

Brimstone  . 
Shell-lac 


Relative  capacities. 
. 1.00 
. 1-77 
. 1.80 
. 1.86 
. 1.90 

. 1.93 

. 1.95 


These  results  agree  very  closely  with  those  of  the  preceding 
table. 


§ 339.  During  the  experiments  of  Dr.  Faraday  upon  the 
different  inductive  capacities  of  different  bodies,  the  curious  fact 
was  established,  that  an  actual  penetration  of  the  charge  to 
some  distance  within  the  dielectric,  took  place  at  each  of  its 
two  surfaces,  by  what  is  called  conduction;  so  that  the  electric 
forces  sustaining  the  induction,  as  has  just  been  stated,  are 
not  upon  the  metallic  surfaces  only,  (§  33  7),  but  upon  and 
within  the  dielectric  also.  Let  a plate  of  any  dielectric  be 
armed  in  the  usual  way  with  metallic  coatings,  and  a vitreous 
charge  be  communicated  to  one,  while  the  other  is  uninsulated, 
and  let  the  whole  remain  from  ten  to  fifteen  minutes.  If  then 
the  coatings  be  discharged,  insulated  and  immediately  examined, 
no  electricity  will  be  found  in  them;  but  in  a short  time,  upon 
a second  examination,  they  will  appear  charged  in  the  same 
way,  though  not  to  the  same  degree,  as  they  were  at  first.  A 
portion  of  the  vitreous  force,  under  the  coercing  influence  of  aU 
the  forces  concerned,  penetrates  the  dielectric,  and  takes  up  its 
place  a little  within  its  surface;  a corresponding  portion  of 
the  resinous  force  also  assuming  a similar  position  on  the  oppo- 
site surface.  The  discharge  destroys  or  neutralizes  all  external 
induction,  and  the  coatings  are  therefore  found  unelectrified; 
but  it  also  removes  almost  the  whole  of  the  forces  by  which  the 
electric  charge  was  driven  into  the  dielectric,  and  it  therefore 
returns  on  its  course  to  the  surfaces,  and  constitutes  the  re-charge 
observed. 

Two  plates  of  spermaceti  (a  substance  whose  insulating 
powers  are  not  very  perfect)  were  put  together  so  as  to  form 
one  plate,  and  coated  with  metal  in  the  usual  way.  The  system 
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was  charged,  then  discharged,  insulated,  examined,  and  found 
to  give  no  indications  of  electricity.  The  plates  were  then 
separated  from  each  other,  and  one  was  found  in  the  vitreous, 
and  the  other  in  the  resinous  state,  nearly  all  the  electricities 
being  in  the  metallic  linings.  Hence,  it  is  clear  that,  of  the 
forces  sought  for,  the  vitreous  was  m one  half  of  the  compound 
plate,  and  the  resinous  in  the  other  half;  for,  when  removed 
bodily  with  their  plates  from  each  other’s  inductive  influence, 
they  appeared  in  separate  places,  and  resumed  of  necessity  their 
powder  of  acting  by  induction  on  the  electricity  of  surrounding 
bodies.  Had  the  effect  depended  upon  a peculiar  relation  of 
the  contiguous  particles  of  matter  only,  each  half  plate  should 
have  shown  vitreous  force  on  one  surface,  and  resinous  on  the 
other. 

It  is  the  assumption,  for  a time,  of  this  charged  state  of  the 
glass,  between  the  coatings  of  the  Leyden  jar,  which  gives  origin 
to  the  phenomenon,  which  is  called  the  residual  charge.  After 
a large  battery  has  been  charged  for  some  time,  and  then  dis- 
charged, it  is  found  that  it  will  spontaneously  recover  its  charge 
to  a very  considerable  extent;  and  this  is  due  to  the  return  of 
the  electricity  in  the  manner  just  described. 

§ 340.  Opposed  to  the  phenomena  of  the  charge  which 
we  have  now  examined,  are  those  of  the  discharge  of  the  electric 
forces,  which  yet  remain  for  our  closer  investigation. 

There  are  various  modes  by  which  this  may  be  effected:  the 
discharge  by  conduction,  by  disruption,  and  by  convection,  come 
before  us  on  the  present  occasion. 

§ 341.  1st.  The  discharge  by  conduction  involves  no 
chemical  action,  or  displacement  of  particles. 

Insulation  and  conduction  might  at  first  be  supposed  to  be 
directly  opposed  properties  of  matter,  but  Dr.  Faraday  has 
shown  that  they  are  only  extreme  degrees  of  one  common  con- 
dition, and  that  they  are  connected  by  numerous  intermediate 
links.  At  the  two  extremes  stand  the  gases  and  the  metals; 
and  spermaceti  is  an  example  of  a substance  through  which 
induction  can  take  place,  and  also  conduction;  but  both  in  a 
reduced  degree. 

A certain  copdition  of  particles  which,  if  retained,  consti- 
tutes insulation,  if  lowered  by  the  communication  of  forces  from 
one  to  the  other,  constitutes  conduction.  In  the  state  of  pola- 
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rity  or  tension,  the  particles  of  all  bodies  (with  the  exception 
possibly  of  the  gases)  have  a capability  of  communicating  their 
forces  in  various  times  one  to  the  other,  by  which  they  are 
lowered,  and  discharge  ultimately  ensues.  SheU-lac  is  the  best 
insulator  known  amongst  solids;  that  is  to  say,  it  retains  its 
state  of  polarity  most  perfectly,  but  it  becomes  lowered  in  time, 
and  is  also  capable  of  having  that  forced  charge  communicated 
to  it  which  we  have  just  described,  and  which  is  equivalent  to 
conduction.  The  metals  themselves,  although  such  excellent 
conductors  as  to  admit  of  the  passage  of  electricity  through 
them  with  a velocity  which  baffles  the  powers  of  conception, 
offer  different  degrees  of-  resistance  to  its  transfer:  and  such 
resistance  is  pro  tanto  insulating  power. 

§ 342.  Mr.  Snow  Harris  has  contrived  a beautifuLappa- 
ratus  for  comparing  this  resistance  of  the  metals.  It  consists 
of  an  air  thermometer,  through  the  bulb  of  which  a wire  of  the 
metal  to  be  examined  passes.  By  the  passage  of  a definite 
portion  of  electricity  from  a Leyden  jar  through  this  wire,  it 
becomes  heated  in  proportion  to  its  resistance,  and  this  heat 
acting  upon  the  air  causes  an  expansion,  which  is  measured  by 
the  liquid  in  the  stem.  The  results  of  some  of  his  experiments 
are  comprised  in  the  following  table: — 


Table  XXXVIII.  Electrical  Conduction. 


Heat  evolved. 

Resistance. 

Silver 

. 6 . 

. 1 

Copper 

. 6 . 

. 1 

Gold 

. 9 . 

. H 

Zinc 

. 18  . 

. 3 

Platinum  . 

. 30  . 

. 5 

Iron 

. 30  , 

. 5 

Tin  . 

. 36  . 

. 6 

Lead 

. 72  . 

. 12 

Brass 

. 18  . 

. 3 

The  ready  communication  of  forces  between  contiguous  par- 
ticles constitutes  conduction;  and  the  difficul  tcommunication, 
insulation.  Conductors  and  insulators  are  bodies  whose  par- 
ticles naturally  possess  the  property  of  communicating  their 
respective  forces  easily,  or  with  difflculty:  the  latter  requiring 
the  polar  forces  to  be  raised  to  a higher  degree  than  tlie  former, 
before  tliis  transference  or  communication  can  take  ]ilace. 
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§ 343.  The  resistance  of  the  metals,  or  their  insulating 
power,  may  be  brought  into  direct  comparison  with  air,  and 
even  made  to  exceed  it,  by  a very  simple  contrivance.  Let  one 
end  of  a very  long  wire  be  placed  in  connexion  with  the  outside 
coating  of  a charged  Leyden  jar,  and  let  it  be  doubled  in  such  a 
way  as  to  allow  the  other  extremity  to  be  brought  very  near, 
but  not  to  touch,  the  same  coating  with  it.  Let  a connexion 
now  be  made  by  a discharging  rod  between  the  inside  coating 
and  this  extremity  of  the  wire,  and  if  the  distance  be  properly 
adjusted,  a portion  of  the  charge  will  pass  in  a spark  through 
the  interval  of  air  between  the  two  extremities,  rather  than 
traverse  the  whole  length  of  the  wire. 

The  middle  part  of  the  wire,  therefore,  acts  as  an  insulating 
medium,  and  the  tension  which  causes  the  spark  at  the  extremi- 
ties must  exist  throughout  its  length. 

§ 344.  The  charge,  as  it  passes  through  a metallic  wire, 
momentar)'-  as  is  its  duration,  acts  by  induction  through  the  air 
towards  surrounding  objects  ; and  if  the  knob  of  a small  Leyden 
jar  be  presented  to  such  a conductor,  a lateral  spark  will  pass  to  it. 

But  the  arrangement  which  exhibits  this  effect  to  the 
greatest  advantage,  is  that  of  a long  fine  copper  wire,  insulated 
parallel  to  the  horizon,  and  terminated  at  each  end  by  a small 
ball.  When  sparks  are  thrown  upon  this  from  a globe  of  about 
a foot  in  diameter,  the  wire  at  each  discharge  becomes  beauti- 
fully luminous  from  one  end  to  the  other,  even  if  it  be  a 
hundred  feet  long : rays  are  given  off  on  aU  sides  perpendicular 
to  the  axis  of  the  wire.  When  the  long  wire  is  arranged  in  two 
parallel,  but  continuous  lines,  by  bending  it,  the  outer  side  only 
of  each  arm  becomes  luminous.  When  formed  into  three 
parallel  lines  by  a double  bend,  the  middle  portion  of  the  wire 
does  not  become  luminous,  the  outer  sides  only  of  the  outer 
lines  of  wire  exhibit  the  rays.  When  the  wire  is  formed  into  a 
flat  spiral,  the  outer  spiral  alone  exhibits  the  lateral  discharge ; 
but  the  light  in  this  case  is  very  brilliant  j the  inner  spirals 
appearing  to  increase  the  effect.  The  inner  surfaces  of  the 
wires,  in  these  latter  cases,  being  all  turned  towards  similarly- 
electrified  surfaces,  the  lateral  process  of  induction  cannot  of 
course  take  place. 

§ 345.  It  may  be  stated  generally,  that  whenever  two  or 
more  passages  are  open,  l)y  which  the  electric  discharge  may 
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comjilete  its  circuity  it  will  divide  itself  between  them  in  inverse 
proportion  to  the  total  resistance  of  each.  If  a spark  be  taken 
from  the  prime  conductor  of  a machine  through  a long  wire 
well  connected  with  the  ground^  and  the  end  of  another  shorter 
wire,  also  connected  with  the  ground,  be  brought  within  a short 
distance  from  the  first,  a minute  spark  will  pass  between  them 
at  the  same  time ; or  even  if  both  the  ends  of  the  second  wire 
be  brought  within  a minute  distance  of  the  first  a very  minute 
spark  will  pass  through  both  intervals  at  the  moment  of  the 
discharge;  proving  the  divergence  of  a small  portion  of  the 
charge,  notwithstanding  the  high  resistance  of  the  small  inter- 
vals of  non-conducting  air. 

§ 346.  The  substance  of  a wire  may  be  so  reduced,  or 
the  quantity  of  electricity  so  augmented,  that  the  metal  may  be 
fused  by  the  great  heat  evolved  and  scattered  about  with  vio- 
lence ; and  the  resistance  may  even  be  sufficient  to  stop  a 
portion  of  the  charge.  To  produce  this  effect,  it  matters  not 
whether  the  quantity  employed  be  diffused  over  a large  or  a 
small  surface,  or  what  its  original  intensity  may  be,  the  same 
quantity  will  always  fuse  the  same  length  of  wire.  Thus,  if  we 
measure  a certain  quantity  of  electricity  into  a Leyden  jar,  by 
the  unit  jar,  so  that  the  quadrant  electrometer  may  indicate  a 
high  degree  of  tension,  and  measure  the  same  quantity  into  a 
large  battery,  where  the  electrometer  will  exhibit  a very  low 
degree  of  repulsion,  the  effects  upon  a wire  through  which 
the  two  charges  may  be  directed  will  be  precisely  equal.  The 
intensity,  in  fact,  in  the  wire,  which  is  insufficient  to  carr}'^  the 
whole  charge  in  either  case,  rises  to  the  same  degree. 

§ 347.  2nd.  The  disruptive  discharge  takes  place  between 
two  conducting  surfaces,  most  commonly  metals,  by  means  of  a 
dense  bright  spark  in  the  substance  of  the  intervening  dielectric, 
when  its  particles  have  reached  a certain  degree  of  tension.  It 
in  every  case  displaces  more  or  less  the  particles,  amongst  and 
across  which  it  suddenly  breaks.  Every  discharge  in  the  form 
of  sparks,  brushes,  and  glow,  are  included  under  it ; but  currents 
of  air  or  liquids,  which  sometimes  accompany  it,  are  essentially 
distinct  in  their  nature,  and  will  be  afterwards  considered. 
Disruption  is  the  limit  of  the  influence  which  the  dielectric 
exerts  in  resisting  the  discharge.  It  is  not  necessary,  probably, 
that  all  the  particles  should  have  attained  this  degree  of  tension. 
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but  when  that  particle  which  is  most  aflfected  has  been  exalted 
to  the  subA^erting  or  turning  point,  all  must  give  way,  for 
all  are  linked  together  by  the  influence  of  the  constraining 
force.  All  the  particles  in  the  line  of  induction  resist  change, 
and  are  associated  together  in  their  actions,  so  as  to  give  a sum 
of  resisting  force ; and  the  breaking  down  of  one  must  cause 
the  whole  barrier  to  give  way,  which  was  at  its  utmost  degree 
of  resistance  before  the  aiding  power  of  that  one  was  lost.  The 
path  of  the  spark  depends  upon  the  degree  of  tension  acquired 
by  the  particles  in  the  line  of  the  discharge ; circumstances 
which,  in  every  common  case,  are  very  evident,  rendering  it 
higher  in  them  than  in  their  neighbours,  and  by  exalting  them 
first  to  the  requisite  condition,  causing  them  to  determine  the 
course  of  the  discharge. 

All  the  particles  return  to  the  original  or  normal  state  in  the 
inverse  order  in  which  they  left  it,  and  exert  their  power  mean- 
while to  produce  the  discharge  effect  in  the  few  particles  where 
the  subversion  of  forces  first  takes  place.  These  are  probably 
not  merely  pushed  apart,  but  assume  a peculiar  state  for  the 
time,  or  have  thrown  upon  them  all  the  surrounding  forces  in 
succession,  and  rising  up  to  a proportionate  condition,  discharge 
themselves  by  some  operation  at  present  unknown,  and  thus 
end  the  whole.  The  ultimate  effect  is  exactly  as  if  a metallic 
wire  had  been  put  into  the  place  of  the  discharging  particles ; 
and  Dr.  Faraday  remarks,  that  not  impossibly  the  principle  of 
action  in  both  cases  may  hereafter  be  proved  to  be  the  same. 

The  whole  of  the  electricity  passes  between  the  two  con- 
ducting surfaces  in  the  form  of  a dense  spark,  and  the  discharge 
is  complete. 

§ 348.  Though  it  cannot  be  doubted  that  the  principal 
phenomena  of  the  disruptive  discharge  depend  upon  the  par- 
ticles of  the  dielectric  air,  y^et  it  apjiears  that  some  of  the 
metallic  particles  of  the  surfaces  between  which  it  passes  are 
carried  with  it  in  its  course.  M.  Fusinieri  has  remarked,  that 
when  a spark  takes  place  between  a surface  of  silver  and  another 
of  copper,  a portion  of  silver  is  carried  to  the  copper,  and  of 
copper  to  the  silver.  Dr.  Priestley  observed,  that  if  a metallic 
chain  be  laid  upon  a sheet  of  paper  or  a plate  of  glass,  and  a 
strong  discharge  sent  through  it,  spots  wiU  be  produced  upon  it 
of  the  size  and  colour  of  each  link,  parts  of  which  will  be  found 
to  be  fused  into  the  substance  of  the  glass. 
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§ 349.  We  have  already  seen  that  disruptive  discharge 
may  take  place  in  glass,  in  the  case  of  a thin  Leyden  jar;  and 
it  may  always  be  produced  at  pleasure,  by  bending  a wire  so 
that  its  point  may  press  against  the  side  of  a tube  filled  with 
olive  oil,  or  some  other  liquid  dielectric.  When  such  an  appa- 
ratus is  suspended  from  the  prime  conductor  of  the  electrical 
machine,  a spark  may  be  drawn  through  the  glass  to  any  con- 
ducting substance  opposed  to  it,  making  a minute  perforation 
without  fracturing  the  tube.  By  turning  the  point  round,  or 
raising  it  higher  or  lower,  many  such  holes  may  be  made. 

When  the  charge  is  high,  a disruptive  discharge  will  even 
take  place,  in  the  form  of  a spark,  between  two  metallic  wires 
in  water. 

§ 350.  As  the  expansive  force  of  the  discharge  is  mani- 
fested even  in  good  conductors  by  the  fusion  and  dispersion  of 
metallic  wires  of  insufficient  thickness,  so  may  it  be  exhibited 
with  equal  or  greater  violence  in  bad  conductors,  by  a variety 
of  experiments. 

Place  a card  or  some  leaves  of  a book  against  the  outer 
coating  of  a Leyden  jar;  put  one  extremity  of  a discharging  rod 
against  the  card,  and  bring  the  other  extremity  to  the  knob  of 
the  jar;  the  charge  will  pass  through  the  paper  and  perforate  it, 
producing  a small  bur  or  protrusion  on  the  side  next  the  rod, 
and  a larger  bur  on  the  side  which  was  in  contact  with  the 
coating. 

Drill  two  holes  in  the  ends  of  a piece  of  wood,  half  an  inch 
long,  and  a quarter  of  an  inch  thick;  insert  two  wires  in  the 
holes,  so  that  the  ends  within  the  wood  may  be  rather  less  than 
a quarter  of  an  inch  distant  from  each  other;  pass  a strong 
charge  through  the  wires,  'and  the  wood  wdl  be  sjolit  with 
violence.  Loaf-sugar,  stones,  and  many  other  substances  may 
be  broken  in  the  same  way. 

Insert  two  wires  through  corks  in  the  opposite  ends  of  a 
glass  tube;  let  the  distance  of  the  ends  of  the  wires  be  about 
half  an  inch;  fill  the  tube  with  water,  and  pass  a charge  through 
it;  the  tube  vdll  be  broken,  and  the  water  dispersed. 

§ 351.  The  instantaneity  of  the  spark  discharge  is  proved 
by  the  velocity  with  which  its  light  passes  away;  its  duration 
not  being  sufficient  to  illuminate  two  successive  objects,  or  the 
same  ol:)ject  in  Dvo  positions,  whatever  may  be  the  velocity  of 
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their  motions,  We  have  seen  (§  230)  that  when  a disc  painted 
with  the  prismatic  colours  is  made  to  rotate  very  rapidly  in 
common  light  before  the  eye,  the  distinction  of  colours  is  lost, 
and  an  impression  of  white  light  is  produced.  When  a white 
disc,  with  a broad  black  cross  upon  it,  is  made  to  rotate  in  the 
same  manner,  the  cross  vanishes,  and  the  disc  appears  of  an 
uniform  gray  tint.  When  viewed  by  the  flash  of  the  electric 
spark,  the  colours  appear  distinct,  and  the  cross  sharply  defined 
and  perfectly  stationary. 

§ .352.  By  a beautiful  application  of  this  principle,  Pro- 
fessor Wheatstone,  (to  whom  the  observation  is  due,)  has 
contrived  an  apparatus  by  which  he  has  demonstrated  that  the 
light  of  the  electric  discharge  does  not  last  the  millionth  part  of 
a second  of  time.  Let  us  imagine  a small  wheel  of  dull  metal, 
marked  vdth  an  hundred  bright  rays  at  equal  distances  from 
each  other,  made  to  revolve  by  clock-work  ten  times  in  a 
second  of  time;  or  to  complete  one  revolution  in  the  tenth  of  a 
second.  These  rays  will  be  seen  by  the  reflexion  of  an  electric 
spark,  and  their  appearance  will  be  different  according  to  its 
duration.  If  the  time  be  infinitely  short,  the  reflexion  will 
present,  during  the  tenth  of  a second,  the  appearance  of  one 
hundred  fixed  luminous  rays  of  the  same  apparent  dimensions 
as  the  engraved  rays.  If  it  last  the  thousandth  part  of  a second 
the  whole  circle  will  be  full  of  light,  for  the  impression  of  each 
ray  upon  the  retina  of  the  eye  will  remain  till  that  of  the  suc- 
ceeding ray  is  produced.  For  a duration  of  half  a thousandth 
of  a second,  a third,  a fourth,  a fifth,  &c.,  of  the  same  interval 
of  time,  corresponding  illuminated  segments  will  be  seen,  and 
one-half,  two-thirds,  three-fourths,  or  four-fifths  of  the  circle 
will  appear  completely  deprived  of  light.  By  increasing  the 
size  of  the  revolving  wheel,  the  scale  of  these  measures  may  be 
increased  at  pleasure  to  any  extent;  as  may  also  its  subdivision, 
by  increasing  the  velocity,  or  multiplying  the  number,  of  the 
rays.  By  altering  the  velocity  of  the  rotation,  the  necessity  of 
judging  by  the  eye  of  the  relation  of  the  illuminated  to  the  dark 
spaces  may  be  obviated,  and  the  whole  may  be  reduced  to  a 
determination  of  the  velocity  at  which  the  complete  illuminated 
circle  is  produced. 

§ 353.  Although  variations  in  the  density  of  the  air 
produce  no  changes  in  the  inductive  capacity  of  the  dielectric, 

T 


274 


SPECIFIC  INSULATING  POWER. 


the  distance  at  which  spark  discharge  may  take  place  through 
it,  is  greatly  modified  by  its  condensation  or  rarefaction.  If 
two  brass  balls  he  placed  within  the  receiver  of  an  air-purnp  so 
contrived  that  their  distance  may  be  altered  by  passing  the 
stem  of  the  upper  one  through  a collar  of  leathers,  and  if  one  of 
them  be  connected  with  the  conductor  of  the  electrical  machine, 
it  will  be  found  that,  as  the  air  is  exhausted,  the  distance 
through  which  the  spark  will  strike  may  be  greatly  increased, 
and  the  tension  of  the  charge  will  diminish,  as  shown  by  an 
electrometer  upon  the  conductor.  The  intensity  in  fact,  of  a 
charged  surface,  varies  with  the  number  of  the  particles  of  the 
dielectric  over  which  its  influence  is  diffused,  and  these  depend 
upon  the  density  of  the  medium,  the  form  of  the  conductors, 
and  the  distances  at  which  they  are  placed  from  each  other. 
The  rarefaction  produced  by  heat  acts  in  the  same  way  as 
mechanical  rarefaction;  hence,  flame,  which  is  incandescent  air, 
offers  an  easy  passage  to  an  electric  charge;  and  in  all  electrical 
experiments  its  influence  should  be  guarded  against. 

§ 354.  Dr.  Faraday  also  found  that,  independent  of  their 
density,  different  kinds  of  aeriform  matter  were  capable  of 
sustaining  different  degrees  of  tension.  He  constructed  an 
apparatus,  in  which  an  electric  discharge  could  be  made  along 
either  of  two  separate  channels;  the  one  passing  through  a 
receiver  filled  with  the  gas  which  was  to  be  the  subject  of  the 
experiment,  and  the  other  having  atmospheric  air  interposed. 
By  varying  the  length  of  the  passage  through  the  latter,  until 
it  was  found  that  the  discharge  occurred  with  equal  facility 
through  either  channel,  a measure  was  afforded  of  the  relative 
resistances  in  those  two  fines  of  transit,  and  a determination 
consequently  obtained  of  the  specific  insulating  power  of  the  gas 
employed.  Muriatic-acid  gas,  examined  by  this  method,  had 
three  times  the  insulating  power  of  hydrogen,  and  nearly  tvfice 
that  of  common  air. 

§ 355.  The  velocity  of  electricity  may  be  modified  by 
the  medium  through  which  it  passes  on  its  course.  If  some  fine 
gunpowder  be  placed  in  an  interval  between  two  wires,  and  a 
discharge  be  passed  between  them,  the  powder  will  be  dispersed, 
like  any  other  fight  substance  by  the  expansion  of  the  air,  but 
not  inflamed;  but  if  a portion  of  water,  or  a wet  string,  be 
included  in  the  circuit  the  powder  will  be  certainly  inflamed. 
In  the  first  case  there  is  not  time  for  the  heat  to  act;  but 
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in  the  second  case  the  passage  is  retarded,  and  the  effect  is 
produced. 

§ 356.  The  disruptive  discharge  sometimes  changes  its 
form  from  the  spark  to  what  is  called  the  brush.  It  generally 
takes  place  between  a good  conductor  and  a bad  conductor. 
When  a pointed  rod  projects  from  a charged  conductor  into  a 
room,  induction  takes  place  between  it  and  the  walls,  or  other 
surrounding  objects,  through  the  dielectric  air,  and  the  lines  of 
inductive  force  accumulate  at  the  end  in  greater  quantity  than 
elsewhere;  that  is  to  say,  the  particles  at  the  end  of  the  rod  are 
more  highly  polarized  there  than  at  any  other  part  of  the  rod. 
The  particles  of  air  situated  in  sections  across  the  lines  of  force 
are  least  polarized  in  sections  towards  the  walls,  and  most 
polarized  in  those  nearer  the  end  of  the  wire.  Thus  a particle 
at  the  end  of  the  wire  may  be  at  a tension  which  will  terminate 
in  discharge,  whilst  in  those  only  a few  inches  off,  the  tension 
shall  be  far  beneath  that  point.  A discharge,  therefore,  takes 
place betv'een  the  rod  and  the  particle  in  this  exalted  state,  and  the 
whole  particle  of  the  air  becomes  electrified  similarly  to  the  rod; 
this,  again,  exerts  a distinct  inductive  act  towards  remoter  parti- 
cles, and  the  tension  is  so  much  exalted  between  the  two  nearest, 
that  discharge  takes  place  between  them  also,  and  the  first  par- 
ticle renews  its  charge  as  before  at  the  extremity  of  the  rod. 

§ 357.  This  form  of  disruptive  discharge  requires  time 
for  its  propagation,  and  is  a successive  effect;  for  the  particles 
in  the  line  through  which  it  passes  are  in  very  different  states 
as  to  intensity,  and  the  discharge  at  the  root  of  the  brush  is 
already  complete  before  the  particles  at  the  extremity  of  its 
ramifications  have  yet  attained  their  maximum  intensity. 

If  an  insulated  conductor  connected  with  the  positive  con- 
ductor of  an  electrical  machine  have  a metal  rod  of  0.3  inch  in 
diameter,  terminated  by  a round  end  projecting  from  it,  it  will 
generally  give  good  brushes;  or  their  formation  may  be  assisted 
by  holding  the  hand,  or  any  other  large  conducting  surface, 
opposed  to  it,  thereby  increasing  the  inductive  force.  Or  they 
may  be  obtained  of  exceedingly  fine  character  and  great  magni- 
tude, by  rarefying  the  air  around  the  termination  of  the  rod, 
more  or  less,  by  heat  or  the  air-pump.  The  brush  generally 
has  a short,  conical,  bright  part  or  root,  projecting  directly  from 
the  ball,  which  breaks  out  suddenly  into  pale  ramifications 
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having  a quivering  motion,  and  being  accompanied  at  the  same 
time  with  a low,  dull,  chattering  sound,  the  evidence  of  inter- 
mitting action. 

The  brush  may,  in  fact,  be  stated  to  be  a spark  to  air,  a 
diffusion  of  electric  force  to  matter,  not  by  conduction,  but  by 
disruptive  discharge;  a dilute  spark,  which  passing  to  very 
badly  conducting  matter,  frequently  discharges  but  a small 
portion  of  the  power  stored  up  in  the  conductor.  As  the 
charged  air  reacts  upon  the  conductor,  whilst  the  conductor  by 
loss  of  electricity  sinks  in  its  force,  the  discharge  quickly  ceases, 
until  by  the  dispersion  of  the  charged  air,  and  the  renewal  of  the 
excited  conditions  of  the  conductor,  circumstances  have  risen 
up  to  their  first  effective  condition,  again  to  cause  discharge, 
and  again  to  fall  and  rise.  This  process  is  nearly  instantaneous, 
but,  unlike  the  spark,  has  a sensible  dmation,  as  has  been 
proved  by  the  beautiful  experiments  of  Professor  Wheatstone. 

§ 358.  Dr.  Faraday  has  shown,  that  the  brush  has  spe- 
cific characters  in  different  media;  these  are  manifested  by  differ- 
ences of  colour,  light,  form,  and  sound.  This  effect  is  in  strong 
contrast  with  the  non-variation  caused  by  the  use  of  different 
substances  as  the  conductors  from  which  the  brushes  originate, 
which  had  no  sensible  influence  upon  their  characters.  Nitrogen, 
of  all  the  varieties  of  aeriform  matter,  possesses  the  highest 
power  of  originating  and  effecting  discharge  in  the  form  of 
brushes  and  ramifications,  and  as  this  gas  enters  in  the  propor- 
tion of  four-fifths  into  the  constitution  of  our  atmosphere,  it  has 
probably  an  important  relation  to  electricity,  seriously  affecting 
the  character  and  condition  of  the  discharge  when  made  in  the 
grand  laboratory  of  Nature. 

§ 359.  There  is  a very  striking  difference  also  in  the 
appearance  of  the  brush  discharge,  according  as  it  takes  place  at 
a vitreous  or  resinous  surface:  the  effect  varies  exceedingly 
under  different  circumstances.  If  a metallic  wire  with  a rounded 
termination,  in  free  air,  is  used  to  produce  the  discharge,  then 
the  brushes  obtained  when  the  wire  is  charged  resinously,  are 
very  poor  and  small,  by  comparison  with  those  produced  when 
the  charge  is  vitreous.  The  former  sometimes  appear  as  a 
bright  star,  while  the  latter  are  pale  and  exjjanded.  Or  if  a 
large  ball  be  charged  vitreously,  and  a fine  uninsulated  point 
be  gradually  brought  towards  it,  a star  appears  upon  the  point 
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when  at  a considerable  distance,  which,  though  it  becomes 
brighter,  does  not  change  its  form  until  it  is  close  up  to  the 
ball:  whereas  if  the  ball  be  charged  resinously,  the  point,  at  a 
considerable  distance,  has  a star  on  it  as  before;  but  when 
brought  nearer,  a brush  forms  on  it,  extending  to  the  ball;  and 
when  still  nearer,  bright  sparks  will  pass.  The  resinous  surface 
tends  to  retain  its  discharging  character  unchanged;  whilst  the 
vitreous,  under  similar  circumstances,  permits  of  great  varia- 
ion  (90). 

When  two  equal  small  conducting  surfaces  similarly  placed 
in  air  are  electrified,  one  positively  and  the  other  negativel}’^, 
that  which  is  negative  can  discharge  to  the  air  at  a tension  a 
little  lower  than  that  required  for  the  positive  ball;  and  when 
discharge  does  take  place,  much  more  passes  at  such  time  from 
the  positive  than  from  the  negative  surface. 

§ 360.  Very  important  variations  of  the  relative  forms 
and  conditions  of  the  resinous  and  vitreous  brush,  take  place 
also  on  varying  the  dielectric  in  which  they  are  produced,  which 
point  to  a specific  relation  of  this  form  of  discharge  to  the 
particular  air  in  which  it  takes  place;  proving  that  direct 
relation  of  the  electric  forces  to  the  molecules  of  the  matter 
concerned,  which  Dr.  Faraday  has  established  in  so  many  other 
instances.  The  effects  are  due  altogether  to  the  different  modes 
in  which  the  particles  of  the  interposed  dielectric  become 
polarized. 

§ 361.  Sometimes  a rod  which  has  been  rendered  vitre- 
ous, and  given  off  fine  brushes  from  the  extremity,  will  have  its 
end  covered  with  a quiet  phosphorescent  continuous  glow, 
extending  a very  small  distance  from  the  metal  into  the  air. 
Diminution  of  the  charging  surface  will  commonly  produce  this 
efiect.  With  a rod  of  0.2  inch  in  diameter  it  is  readily  mani- 
fested. With  still  smaller  rods,  and  wfith  blunt  conical  points, 
it  occurs  still  more  readily,  and  with  a fine  point 
in  free  air  no  brush  occurs,  but  only  this  glow. 

The  Autreous  glow  and  the  vitreous  star  are  in 
fact  the  same. 


(90)  Some  notion  may  be  formed  of  the  differ- 
ence between  tlie  brush  and  the  star  appearance,  from 
the  annexed  representation  of  the  disruptive  dis- 
charge from  points. 
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Rarefaction  of  the  air  greatly  favours  the  glow  phenomena. 
Brass  balls  of  two  inches  diameter  will  become  covered  with 
glow  over  an  area  of  two  inches  diameter,  when  the  pressure  of 
the  air  is  reduced  to  about  4.4  inches  of  mercury;  and  by  a little 
adjustment  the  ball  may  be  covered  all  over  with  this  light. 

The  glow  is  always  accompanied  by  a wind,  proceeding 
either  directly  out  from  the  glowing  part,  or  directly  towards 
it;  the  former  being  the  most  general  case;  and  if  matters  be 
so  arranged  that  the  regular  and  ready  access  of  air  to  a part 
exhibiting  the  glow  be  interfered  with  or  prevented,  the  glow 
disappears. 

Brush  discharge  does  not  essentially  require  any  current  of 
the  medium  in  which  it  appears:  it  almost  always  occurs,  but  is 
a consequence  of  the  phenomenon.  On  holding  a blunt  point 
vitreously  charged  towards  uninsulated  water,  a star  or  quiet 
glow  will  appear  upon  it,  and  the  surface  of  the  water  ■vvdll  be 
depressed  by  the  current  of  air  which  passes  from  it:  but  on 
approaching  the  point  nearer,  sonorous  brushes  will  succeed, 
the  current  of  air  wiU  instantly  cease,  and  the  surface  of  the 
water  become  level. 

§ 362.  All  the  effects  tend  to  show  that  glow  is  due  to  a 
continuous  charge  or  discharge  of  air;  in  the  former  case  being 
accompanied  by  a current  from,  and  in  the  latter  by  one  to  the 
place  of  glow.  As  the  surrounding  air  comes  up  to  the  charged 
conductor,  on  attaining  that  spot  at  which  the  tension  of  the 
particles  is  raised  to  a sufficient  degree,  it  becomes  eharged, 
and  then  moves  off  by  the  joint  action  of  the  forces  to  which  it 
is  subject;  and  at  the  same  time  that  it  makes  way  for  other 
particles  to  come  and  be  charged  in  their  turn,  aetually  helps  to 
form  that  current  by  which  they  are  brought  into  the  necessary 
position.  Thus,  through  the  regularity  of  the  forces,  constant 
and  quiet  results  are  produced,  namely,  the  charging  of  succes- 
sive portions  of  air,  the  production  of  a current  and  of  a con- 
tinuous glow. 

A brush  may  often  be  converted  into  a glow,  simply  by 
aiding  the  formation  of  a current  at  its  extremity;  and  on  the 
other  hand  the  glow  may  be  converted  into  a brush  by  sheltering 
the  point  from  the  approach  of  air. 

A continuous  discharge  of  electricity  to  the  air  gives  the 
slow;  an  interrupted  one  produces  the  brush,  and  in  a more 
exalted  condition  the  spark. 
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§ 363.  We  are  thus  brought  to  the  consideration  of  the 
discharge  by  convection,  or  carrying  discharge.  It  often,  as  we 
have  just  seen  in  cases  of  brush  and  glow,  joins  its  effect  to 
disruptive  discharge  to  effect  the  neutralization  of  the  electric 
forces. 

The  particles  which,  being  charged,  travel,  may  be  either  x)f 
insulating  or  conducting  matter,  large  or  small.  We  shall  best 
understand  the  different  steps  of  the  process  by  considering  a 
particle  of  conducting  matter. 

Dr.  Faraday  illustrated  it  by  insulating  and  electrifying  a 
large  copper  vessel,  (a  boiler  of  three  feet  diameter,)  to  the 
degree  that  dissipation  by  brushes  or  disruptive  discharge  did 
not  sensibly  take  place  at  its  edges.  A brass  ball,  two  inches 
in  diameter,  suspended  by  a silk  thread,  was  brought  towards 
it;  and  it  was  found  that  if  the  ball  were  held  for  a second  or 
two,  near  any  part  of  it,  at  a sufficient  distance  (almost  two 
inches,)  not  to  receive  any  direct  charge  from  it,  it  became  itself 
charged,  although  insulated  the  whole  time;  and  its  electricity 
was  contrary  to  that  of  the  boiler.  The  efiect  was  strongest 
opposite  the  edges,  or  other  projecting  parts,  where  it  is  well 
known  that  the  original  charge  is  the  strongest. 

This  effect  originates  obviously  in  induction,  and  not  in 
communication.  The  ball,  when  related  to  the  vitreously- 
charged  surface  by  the  intervening  dielectric,  has  its  opposite 
sides  brought  into  contrary  states;  the  side  next  to  the  boiler 
being  resinous,  and  the  outer  vitreous.  More  inductive  action 
is  directed  towards  it  than  would  have  passed  across  the  same 
place  if  the  ball  had  not  been  there,  for  several  reasons:  amongst 
others,  because  it  being  a conductor  the  resistance  of  the 
particles  of  the  dielectric,  which  otherwise  would  have  been 
there,  is  removed;  and  also  because  the  reacting  vitreous  surface 
of  the  ball  being  projected  further  out  from  the  boiler  than 
when  there  is  no  introduction  of  conducting  matter,  is  more  free 
to  act  towards  surrounding  conductors,  through  the  rest  of  the 
dielectric,  and  so  favours  the  exaltation  of  that  inductive  polarity 
which  is  directed  in  its  course.  It  is  the  same  as  if  the  surface 
of  the  boiler  itself  were  protuberant  in  that  direction.  Thus  it 
acquires  a state  similar  to,  but  higher  than,  that  of  the  originally 
charged  surface  which  causes  it:  and  sufficiently  exalted  to 
discharge  at  its  vitreous  surface  to  the  air,  or  to  affect  small 
particles  as  it  is  itself  affected;  and  they  flying  to  it,  take  a 
charge  and  pass  off;  and  so  the  ball  as  a whole  is  brought  into 
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the  contrary  charged  state.  The  consequence  is  that,  if  free  to 
move,  its  tendency  to  approach  the  boiler  is  increased,  whilst 
it  at  the  same  time  becomes  more  and  more  exalted  in  its 
condition,  both  of  polarity  and  charge;  until  at  a certain 
distance  discharge  takes  place;  it  acquires  the  same  state  as 
the  boiler;  is  repelled,  and  passing  to  a conductor  favourably 
circumstanced  to  discharge  it,  there  resumes  its  first  neutral 
condition. 

In  the  case  of  elongated,  or  irregularly-shaped  conductors, 
such  as  floating  filaments  or  particles  of  dust,  this  effect  is  still 
more  ready,  and  the  consequent  attraction  very  immediate. 

§ 364.  On  using  a liquid  dielectric,  as  oil  of  turpentine, 
the  action  and  course  of  small  carrying  particles  is  very  striking. 

The  analogy  between  the  action  of  solid  conducting,  carrying 
particles,  and  that  of  the  charged  particles  of  an  insulating  fluid 
substance,  is  very  evident  and  simple;  and  in  the  latter  case, 
currents  are  necessarily  occasioned  in  the  dielectric.  Particles 
are  brought  by  inductive  action  into  a polar  state;  and  this 
state,  after  rising  to  a certain  tension,  is  followed  by  the  com- 
munication of  a part  of  the  force  originally  on  the  conductor; 
the  particles  consequently  become  charged,  and  then,  under 
the  joint  influence  of  the  repellent  and  attractive  forces,  are 
urged  towards  a discharging  place,  or  to  that  spot  where  these 
inductric  forces  are  most  easily  compensated  by  the  contrary 
inducteous  forces. 

The  course  of  these  convective  currents  may  be  beauti- 
fully illustrated  by  using  oil  of  turpentine  as  the  dielectric; 
provided  it  be  placed  in  a wide  vessel,  sufficiently  capacious  to 
include  all  the  lines  of  inductive  force.  The  attraction  is  so 
great  that  if  a small  ball  at  the  end  of  a metallic  stem  be  held 
in  the  hand,  and  immersed  below  the  surface  of  the  liquid,  in 
the  inducteous  state,  a considerable  column  may  be  raised  up, 
in  which  the  phenomena  of  the  ascending  and  descending 
particles  will  be  very  apparent. 

If  a piece  of  sealing  wax  be  fastened  to  a wire,  and  this  be 
inserted  into  the  conductor  of  the  electrical  machine,  upon 
softening  the  wax  by  heat,  and  turning  the  machine,  very  fine 
threads  will  be  separated,  and  if  received  on  a sheet  of  paper 
will  cover  it  with  minute  fibres,  like  fine  red  wool.  These, 
again,  are  evidence  of  the  force  with  which  convection  is 
carried  on. 
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§ 365.  The  force  of  the  convective  discharge  will  be 
always  greatest  from  a point,  for  reasons  which  must  be  very 
obvious  from  the  principles  of  action  which  have  been  explained. 
The  lines  of  inductive  force  are  concentrated  upon  the  extre- 
mity of  the  point,  and  it  is  there  consequently  that  the  inten- 
sity necessary  to  charge  the  air  is  first  acquired ; it  is  from 
thence  that  the  charged  particle  recedes,  and  the  mechanical 
force  which  it  impresses  on  the  air  to  form  a current  is  in  every 
way  favoured  by  the  shape  and  position  of  the  rod  of  which  the 
point  forms  the  termination.  At  the  same  time  the  point, 
having  become  the  seat  of  an  active  mechanical  force,  does,  by 
the  act  of  discharge  which  causes  it,  prevent  any  other  part  of 
the  rod  from  acquiring  the  same  necessary  condition,  and  so 
preserves  its  own  predominance. 

§ 366.  Light  models  fitted  up  with  vanes,  like  the  floats 
of  a water-wheel,  may  be  put  in  motion  by  the  current  of  air 
produced  by  the  action  of  an  electrified  point ; and  if  a lighted 
taper  be  presented  to  such  a current,  its  flame  will  sometimes  be 
blown  out  (91). 

If  a point  be  inclosed  in  a glass  tube  so  that  it  may  be 
placed  at  any  distance  from  one  of  the  open  ends  of  the  tube, 
its  influence  as  a point  will  be  destroyed,  and  it  will  transmit 
electricity  by  sparks  as  a ball.  The  access  of  fresh  uncharged 
air  is  thus  stopped,  and  the  process  of  convection  cannot 
proceed. 

§ 367*  The  light  which  accompanies  the  disruptive  dis- 
charge of  the  electrical  forces  is  accompanied  by  heat,  and  is 


(91)  This  figure  represents  a light  cross  of 
wire,  turning  upon  a point,  placed  upon  the  prime 
conductor.  The  air  is  forcibly  driven  from  the 
points,  and  hy  its  reaction  impels  the  vane  in  the 
opposite  direction. 


The  flame  of  a taper  is  here  re- 
presented under  the  influence  of  the 
air,  passing  oft  from  a point,  upon 
a charged  electrified  conductor. 
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capable  of  igniting  inflammable  substances,  such  as  ether,  rosin, 
&c. ; but  its  duration  is  so  momentary,  that  sometimes  it  fails  to 
produce  this  effect.  The  light  and  heat  which  thus  accompany 
the  discharge  of  the  electric  forces,  in  their  exalted  state,  amongst 
the  polarized  particles  of  a dielectric,  are  probably  perfectly 
analogous  to  the  ignition  and  heat  which  are  produced  by  the 
transfer  of  the  same  forces,  in  a much  lower  degree  of  tension, 
amongst  the  particles  of  a good  conductor,  whose  substance  is 
insufficient  to  effect  their  complete  neutralization. 

§ 368.  Tlie  relations  of  the  surfaces  and  distance  of  two 
conductors,  under  the  inffuence  of  the  electric  forces  exerted 
through  the  intervention  of  dielectric  air,  have  been  accurately 
-measured,  calculated  ‘ and  determined  by  Coulomb  and  Snow 
Harris. 

Let  us  imagine  a small  metallic  sphere,  placed  in  the  centre 
of  another  large  metallic  sphere  filled  with  air  (fig.  75);  a charge 
of  electricity  may  be  communicated  to  the  former,  which  will  be 
sustained  by  induction  to  the  surface  of  the  latter,  and  every 
molecule  of  the  air  will  be  related  to  every  other  molecule  in  all 
directions,  by  the  tension  and  reaction  of  those  which  are  con- 
tiguous. The  quantities  of  the  opposite  forces  upon  the  inductric 
and  the  inducteous  bodies  must  be  exactly  equal ; but  their 
intensities  will  be  very  different.  The  lines  of  inductive  force 
which  will  be  spread  over  the  whole  surface  of  the  latter  will  be 
concentrated  upon  the  former.  An  electrified  ball  placed  in  the 
centre  of  a large  room,  and  equally  removed  from  aU  surrounding 
objects  and  irregularly-formed  conductors,  does  not  differ  appre- 
ciably from  such  a hypothetical  arrangement,  and  Dr.  Faraday  has 
experimentally  traced  the  induction  under  such  circumstances  to 
a distance  of  twenty-six  feet.  Under  these  simple  conditions, 
supposing  the  central  ball  to  be  indefinitely  small,  the  lines  of 
inductive  force  will  radiate  from  the  centre,  and  the  resulting 
attraction  will  follow  the  law  of  radiant  forces,  and  decrease  in 
direct  proportion  to  the  squares  of  the  distances. 

The  result  may  otherwise  be  stated  thus  : — the  sum  of  forces 
in  spheres  of  different  diameters,  surrounding  an  active  centre, 
must  be  always  equal ; and  the  amount  in  any  two  similar 
sections  equal.  The  law  is  the  same  as  that  of  light,  and  is 
a necessary  consequence  of  the  theory  of  induction  in  this  the 
simplest  case  of  the  action  of  contiguous  particles. 

The  experimental  investigation,  and  mathematical  calculation 
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of  the  laws  of  electrical  attraction  and  repulsion,  have  been 
hitlierto  limited  to  cases  which  maybe  resolved  into  this  radiant 
action,  and  have  not  as  yet  been  applied  to  cases  of  induction  in 
curved  lines. 

§ 369.  The  torsion  electrometer,  by  means  of  which 
Coulomb  carried  on  his  investigations,  has  been  already  de- 
scribed; Mr.  Harris  adapted  the  simple  balance  in  the  most 
ingenious  and  effectual  manner  to  the  same  purpose  (92).  In 
the  first  instrument  the  force  of  elasticity  is  opposed  to,  and 
made  the  measure  of,  electrical  attraction ; in  the  second,  the 
force  of  gravitation  is  applied  to  the  same  purpose,  and  the 
electrical  attraction  actually  weighed. 

If  a certain  quantity  of  electricity  be  measured  into  a large 
Leyden  jar,  by  means  of  the  unit  jar,  and  two  planes  connected 
with  the  two  coatings  be  found  to  attract  each  other  with  a 
foree  of  4.5  grains,  with  double  the  quantity  18  grains  would  be 
required  to  counterbalance  the  force,  and  with  treble  the  quantity 
40.5  grains. 

When  a second  and  equal  jar  is  connected  with  the  first, 
similar  quantities  only  exhibit  :|^th  of  the  preceding  forces, 
respectively;  and  when  the  same  quantities  are  diffused  over 
three  such  jars,  the  respective  amounts  are  only  -J-th. 

§ 370.  Hence,  when  the  quantity  is  constant,  the  attrac- 
tive force  is  as  the  squares  of  the  surfaces  inversely ; and  when 
the  surface  is  constant,  as  the  squares  of  the  quantities  directly. 

(92)  This  figure  represents  Harris’s  electrical  balance.  A glass 
pillar  is  fixed  in  the  stand  a,  to  which  the  beam  of  a delicate  balance,  bb, 
is  suspended  at  the  point,  d.  A scale  pan,  d, 
is  suspended  from  one  arm,  and  just  rests  upon 
the  support,  e,  likewise  insulated  and  fixed 
upon  the  stand,  A.  From  the  other  arm  is 
suspended  a light  gilt  cone,  a,  the  base  of 
which  is  opposed  to  the  base  of  another  in- 
verted cone,  b,  which  may  be  fixed  at  any 
distance  from  it  by  sliding  upon  the  insulated 
pillar,  d.  The  metallic  balance  may  be  con- 
nected with  the  interior  of  a Leyden  jar,  or 
battery,  and  the  cone,  b,  with  the  exterior,  and 
the  attractive  power  of  any  charge  at  any 
variable  distance  between  the  cones,  may  be 
estimated  by  weights  placed  in  the  scale  pan. 
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Again,  it  is  found  that  the  respective  quantities  requisite  to 
produce  a discharge  between  two  balls,  vary  directly  as  the 
distances ; so  that,  while  the  distances  of  discharge  increase  in 
the  simple  ratio  of  the  quantity,  the  attractive  forces  increase  as 
its  square. 

§ 371.  Mr.  Harris  also  found,  that  the  attractive  force  is 
not  influenced  by  the  form  of  the  unopposed  portions  of  the 
acting  conductors,  and  that  it  was  the  same,  whether  simple 
circular  planes  were  opposed  to  one  another,  or  cones  by  their 
similar  plane  bases.  Two  hemispheres  also  attracted  one 
another,  with  the  same  force  as  spheres  of  the  same  diameter. 

The  attractive  force  between  two  unequal  circular  areas  is  no 
greater  than  that  between  two  similar  areas,  each  equal  to  the 
lesser;  and  the  attractive  force  of  a mere  ring  and  a circular 
area,  is  no  greater  than  that  between  two  rings  of  the  same 
diameter. 

§ 372.  The  general  result  may  thus  be  stated : — the  force 
of  attraction  is  as  the  number  of  points  in  immediate  opposition 
directly,  and  as  the  square  of  their  respective  distances  inversely; 
hence  the  attractive  force  between  two  parallel  plane  circles 
being  found,  the  force  between  any  other  two  similar  planes  will 
be  given. 

The  respective  quantities  requisite  to  a discharge  through  a 
given  interval  of  air,  vary  in  the  simple  ratio  of  the  density  of 
the  air : when  the  density  is  one-half,  the  discharge  occurs  with 
one-half  the  quantity  accumulated,  or,  which  is  the  same  thing, 
with  one-fourth  the  intensity.  Again,  when  the  intensity  is 
constant,  the  discharge  occurs  in  air  of  one-half  the  density  at 
double  the  distance. 

The  influence  of  heat  is  not  in  any  M'ay  ojjposed  to  the 
restraining  power  of  air,  provided  its  density  is  not  allowed  to 
vary ; but  rarefaction  by  heat  produces  exactly  the  same  efiect 
as  mechanical  rarefaction. 

§ 373.  These  results  are  in  perfect  accordance  with  the 
molecular  theory  of  induction  : for,  in  the  case  of  an  atmosphere 
rarefied  to  one-half,  only  one-half  of  the  dielectric  particles 
remain,  and  these  are  brought  up  to  the  discharging  intensity 
with  one-half  the  quantity  of  electricity.  And  with  regard  to 
distance  from  an  inductive  centre,  the  number  of  particles 
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which  become  polarized  within  any  concentric  sphere,  or  any 
section  of  such  sphere,  must  increase  as  the  square  of  the 
diameter,  and  the  force  will  be  lowered  in  the  same  degree. 

§ 374.  We  have  hitherto  directed  our  attention  solely  to 
one  method  of  exciting  the  electrical  forces ; namely,  the  friction 
of  dissimilar  substances,  by  which  their  particles  are  rapidly 
brought  into  close  contact  and  as  rapidly  separated.  By  this 
operation,  we  have  found  particularly  that  the  rubbed  surface  of 
a dielectric  becomes  inductric ; its  charge  being  sustained  both 
through  its  own  substance,  and  through  the  air  to  surrounding 
conductors.  But  there  are  many  other  methods  by  which  this 
extraordinary  agent  may  be  developed ; and  indeed,  the  forcible 
disturbance  of  the  established  equilibrium  of  the  particles  of 
bodies  in  any  way  seems  sufficient  to  call  it  forth  in  various 
degrees.  Thus,  the  forcible  disruption  of  cohesion ; mere  pres- 
sure upon  certain  crystallized  substances  ; the  heating  of  others; 
changes  of  physical  state  ; crystallization  and  evaporation,  are  all 
capable  of  producing  electrical  excitement. 

§ 375.  If  we  break  a roll  of  sulphur  we  shall  find  a 
charge  of  electricity  upon  its  two  fresh  surfaces,  and  if  we  pound 
it  in  a dry  mortar  and  pour  the  fragments  upon  the  plate  of  an 
electrometer,  the  leaves  will  diverge  very  forcibly;  and  if  we 
renew  the  contact  with  fresh  surfaces  upon  a fresh  plate,  we 
shall  find  that  it  is  not  easy  to  deprive  it  of  the  whole  quantity 
which  it  has  thus  acquired. 

If  we  take  a rhombohedron  of  Iceland  spar,  and,  holding  it 
by  two  opposite  edges,  press  upon  two  of  its  opposite  faces,  it 
will  manifest  a decided  power  of  attraction  upon  light  substances. 

§ 376.  Crystals  of  tourmaline,  again,  whose  optical  pro- 
perties have  been  described  (§  247),  exhibit  a very  remarkable 
state  of  electrical  excitement  when  gently  heated.  The  tour- 
maline is  a hard  crystallized  mineral,  which  occurs  in  granite 
and  other  primitive  rocks,  in  the  form  of  three,  six,  or  nine- 
sided prisms,  terminated  by  three  or  six-sided  pyramids.  It 
was  discovered  by  the  Dutch  in  Ceylon,  who  called  it  Aschen 
trikker,  from  its  property  of  attracting  ashes  when  thrown  into 
the  fire.  It  appears  however  to  have  been  known  to  Theo- 
phrastus. When  the  stone  is  of  considerable  size  and  warmed, 
flashes  of  light  may  be  seen  to  dart  across  its  surface  when  laid 
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upon  a hot  iron.  If  a crystal  of  this  mineral  be  mounted  upon 
a pivot,  or  otherwise  suspended  with  freedom  of  motion,  its 
exeitement  will  be  found  to  be  polar,  and  one  end  will  be 
attracted  by  excited  glass  and  the  other  repelled.  The  polar 
arrangement  of  its  particles  exists  throughout  its  substance ; for, 
when  broken  in  two,  each  half  will  prove  to  be  likewise  polar. 
It  is  during  the  rise  of  its  temperature  that  these  phenomena 
take  place : during  the  process  of  cooling  they  also  occur,  but 
with  the  opposite  direction  of  the  forces. 

The  poles  of  the  mineral  have  reference  to  the  axis  of  sym- 
metr}’^  (§  124),  and  those  crystals  are  alone  electrical,  the  oppo- 
site extremities  of  whose  axes  differ  with  regard  to  the  number, 
disposition,  and  figure  of  their  facets. 

§ 377*  Boracite  is  another  mineral  which  possesses  the 
property  of  becoming  electric  by  heat  in  a high  degree.  It 
crj'stallizes  in  the  form  of  a cube ; but  the  edges  and  angles  are 
generally  replaced  by  secondary  planes,  and  four  of  the  angles 
are  always  observed  to  present  a greater  number  of  faeets  than 
the  other  four : the  most  complex  angles  are  rendered  vitreous, 
and  the  simplest  resinous,  by  heat,  and  these  are  always  found 
at  the  opposite  extremities  of  the  axis  of  symmetry. 

§ 378.  If  melted  sulphur  be  poured  into  a glass  vessel, 
it  becomes  eleetrical  in  the  process  of  crystallization ; and  if  it 
be  removed  from  the  glass  and  examined  after  solidification,  it 
will  be  found  in  the  resinous  state,  and  the  glass  in  the  corre- 
sponding vitreous  state.  Water,  also,  in  the  act  of  freezing, 
becomes  electrical. 

The  evaporation  of  water  likewise  excites  electricity,  and  if 
a heated  platinum  vessel  be  placed  upon  the  cap  of  a gold-leaf 
electrometer,  and  water  dropped  into  it,  as  the  steam  flies  off 
the  leaves  will  expand  with  resinous  electricity.  The  effect  is 
rendered  very  decided  with  the  assistance  of  the  condenser. 
From  some  late  experiments  M.  Pouillet  considers  it  probable 
that  the  evaporation  of  perfectly  pure  water  is  not  accompanied 
by  any  development  of  the  electrical  forces,  but  that  a very 
minute  portion  of  saline  matter  in  solution  is  sufficient  to  deter- 
mine the  effect.  This,  if  confirmed,  would  not  detract  from  the 
probability  of  evaporation  being  the  principal  source  of  atmo- 
spherical electricity;  for  all  the  water  upon  the  face  of  the 
globe  is  impregnated  more  or  less  with  different  salts.  The 
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vitreous  electricity  which  corresponds  to  the  resinous  charge, 
which  in  the  experiment  is  left  upon  the  electrometer,  is  carried 
into  the  air,  and  probably  communicates  a charge  to  the  minute 
drops  into  which  it  is  again  condensed,  and  which  float  in  the 
atmosphere. 

Some  very  interesting  facts  have  lately  been  added  to  our 
stock  of  knowledge  upon  these  points,  which  originated  in 
accidental  observation,  but  have  led  to  active  experiment  now 
in  progress,  which  promises  greatly  to  elucidate  this  obscure 
part  of  our  subject.  In  a colliery  near  Newcastle,  it  happened 
that  the  boiler  of  a steam-engine  was  out  of  order,  and  steam  of 
about  35 lb.  pressure  was  escaping  from  a leak.  The  engine-man 
standing  in  the  steam,  and  endeavouring  to  repair  it,  happened 
to  touch  the  boiler,  and  drew  from  it  a spark  of  about  half  an 
inch,  or  one  inch,  in  length.  He  was  greatly  alarmed,  and 
reported  to  the  engineer  that  the  boiler  was  in  danger  of 
exploding,  as  from  there  being  fire  on  the  outside  he  could  not 
tell  what  might  not  be  going  on  in  the  inside.  The  phenomenon 
was  investigated ; jars  were  charged,  and  sparks  were  drawn 
from  persons  placed  upon  insulating  stools,  &c.  The  boilers  of 
locomotive  engines  have  been  insulated  upon  barrels  of  rosin, 
and  have  been  found  to  be  in  the  negative  state  while  the  steam 
was  positive.  But  in  this  respect  changes  and  alternations  have 
been  observed  which  have  not  yet  been  explained,  and  it  is  at 
present  doubtful  whether  the  disturbance  of  electric  equilibrium 
results  from  the  change  of  physical  state  which  the  water 
undergoes  or  from  the  friction  of  the  effluent  steam. 

§ 379.  At  a very  early  period  of  electrical  science  the 
identity  of  the  electric  spark  and  lightning  was  suspected;  for 
Dr.  Wall,  in  1640,  in  contemplating  the  light  and  crackling  noise 
produced  by  the  friction  of  a large  piece  of  amber,  was  led  to 
remark  that  this  crackling  and  light  may  be  supposed  in  some 
degree  to  represent  thunder  and  lightning.  But  it  was  Franklin 
who,  in  1747}  established  the  close  analogy  of  the  two  agents, 
by  strict  inductive  reasoning,  and  experimentally  verified  his 
conclusions  by  imitating,  on  a small  scale,  the  awful  phenomena 
of  nature.  He  had  also  devised  the  crucial  experiment,  of 
drawing  electricity  from  the  clouds,  by  means  of  an  insulated 
pointed  rod  of  metal,  for  the  erection  of  which  he  only  waited 
the  completion  of  a church  steeple  in  Philadelphia.  But  M. 
Dalibard,  in  France,  preceded  him  by  about  a month  in  obtain- 
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ing  the  actual  result,  by  repeatedly  charging  a Leyden  jar  by 
means  of  a similar  apparatus  during  the  passage  of  a thunder 
cloud.  Without  any  knowledge  of  this  experiment  it  occurred 
to  Franklin,  whilst  occupied  with  the  subject,  that  by  means  of 
a common  school-boy^s  kite  he  might  obtain  ready  access  to 
the  region  of  the  clouds.  He  watched  the  oj^portunity  of  an 
approaching  storm  and  went  into  the  fields,  and,  Avith  the  assist- 
ance of  his  son,  raised  the  kite  into  the  air.  He  confined  it  by 
two  or  three  feet  of  silken  ribbon,  but  a considerable  time 
elapsed  without  any  resiilt.  One  very  promising  cloud  passed 
over  his  head  without  producing  any  effect  upon  his  simple 
apparatus,  when,  being  about  to  give  up  the  attempt  in  despair, 
he  observed,  after  a sharp  shower,  some  loose  threads  of  the 
string  to  repel  one  another;  on  this  he  fastened  a key  to  the 
string,  and  was  gratified  by  drawing  an  electric  spark  from  it. 
He  afterwards  raised  an  insulated  metallic  rod  from  the  end  of 
his  house,  so  arranged  as  to  communicate  with  two  bells  by 
means  of  a pendulum  which,  striking  against  them  as  they  were 
alternately  attracted  and  repelled,  warned  him  of  the  passage  of 
an  electric  cloud  (93). 

The  experiment  with  the  kite  has  often  since  been  repeated, 
with  the  addition  of  a thin  copper  wire  twisted  with  the  string; 
but  it  is  not  unaccompanied  with  danger,  for  experimenters 
have  frequently  received  violent  shocks,  and  the  electricity  has 
been  known  to  discharge  itself  to  the  ground  in  sparks  ten  feet 
long,  and  two  or  three  inches  in  diameter.  A fatal  catastrophe 
from  incautious  experiments  upon  atmospheric  electricity  oc- 
curred to  Professor  Richman,  of  St.  Petersburg,  in  1753.  He 
had  erected  an  apparatus  in  the  air,  and  was  examining  it  with 
a friend,  when  a flash  of  lightning  passed  from  the  insulating 
rod  through  his  body,  and  instant  death  was  the  consequence. 


(93)  The  chime  of  bells,  here  represented,  is 
suspended  to  the  electrified  body  by  the  metallic 
hook,  a.  The  two  exterior  bells,  h b,  are  in 
metallic  communication  with  it,  and^^tlie  centre 
one  is  insulated  by  a silk  thread,  but  is  in  metallic 
communication  with  the  ground,  by  the  chain,  c. 
The  metallic  clappers,  c c,  are  suspended  by  silk 
threads,  and  when  the  exterior  bells  are  charged 
they  are  alternately  attracted  and  repelled,  and 
discharge  the  electricity  by  convection  to  the 
centre  conducting-bell. 
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His  companion  was  at  the  same  time  struck  senseless  to  the 
ground, 

§ 380.  The  snapping  noise  which  the  electric  spark 
makes  in  passing  through  a portion  of  the  atmosphere  is  due  to 
the  sudden  compression  of  the  air;  and  there  can  be  no  doubt 
that  the  awful  thunder-clap  itself  is  produced  by  the  same 
action.  Tlie  report  is  in  this  extreme  instance  modified  by  a 
variety  of  circumstances,  such  as  distance,  echo,  &c.;  and  the 
sudden  djfing  away  and  return  of  the  sound  may  be  accounted 
for  on  well-known  principles. 

We  have  already  stated  (§  52)  that  sound  travels  in  air  with 
a velocity  of  only  1,130  feet  in  a second,  but  light  at  the  rate  of 
195,000  miles  in  the  same  period  of  time  (§  216).  The  time  in 
which  the  flash  of  lightning  reaches  us,  from  the  different  points 
of  its  course,  may  therefore  be  taken  as  instantaneous;  but  the 
time  which  the  explosion  occupies  will  be  very  appreciable,  and 
wiU  vary  with  the  distance  of  the  several  parts  of  the  long  line 
which  the  discharge  traverses.  By  a calculation  founded  upon 
the  interv’^al  between  the  flash  and  the  sound,  and  the  duration 
of  the  thunder-clap,  it  has  been  found  that  a flash  of  lightning 
frequently  traverses  a space  of  nine  or  ten  miles;  and,  when  we 
take  into  account  the  ziz-zag  path  which  it  ordinarily  follows, 
its  alternate  approach  and  recession  will  account  for  the  pheno- 
menon in  question  (94).  Such  would  be  the  effect  produced  upon 
an  observer,  placed  at  the  end  of  a long  file  of  soldiers,  who 


(94)  The  usual  zig-zag  path  of  a flash  of  lightning  is  here  repre- 
sented. The  sound  will  reach  the  observers,  placed  at  a and  a,  from 


the  different  points,  b,  c,  in  very  unequal  times,  and  will  sometimes 
recede  and  then  approach  alternately,  as  it  reaches  them  from  the 

u 
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were  to  discharge  their  muskets  at  the  same  moment.  He 
would  not  hear  a single  report,  but  a succession  of  reports, 
which  would  produce  an  irregular  rolling  sound. 

§ .S81.  If  a house  stand  in  the  way  of  an  electric  dis- 
charge, that  is  to  say,  if  it  form  by  induction  from  the  charged 
clouds  a part  of  that  line  of  particles  which  have  attained  the 
highest  degree  of  tension,  the  course  which  the  lightning  will 
take  will  be  determined  by  the  accidental  position  of  different 
conducting  bodies  within  it,  which  will  change  the  line  of 
greatest  tension  according  to  their  relative  situations.  Thus  it 
is  probable  that  it  may  descend  a chimney  in  which  the  air  is 
rarefied;  or  it  may  strike  the  same  object  from  being  the  most 
elevated  conducting  body  in  its  course.  It  may  then  leap  to 
different  metallic  articles  in  the  chambers,  or  even  to  persons, 
whose  good  conducting  properties  may  present  an  easy  transit 
in  the  position  in  which  they  may  be  placed;  it  will  finally  pass 
to  the  earth,  after  having  thus  followed  the  path  which  had 
been  previously  determined  by  the  arrangement  of  the  particles 
under  the  highest  state  of  inductive  influence.  As  long  as  the 
discharge  is  confined  to  the  good  conducting  substance  of  metals 
lightning  produces  no  injurious  effects;  but  whenever  it  passes 
from  these  into  imperfect  conductors  its  course  is  marked  by 
destruction. 

Hence  we  so  often  hear  of  trees  shivered  to  pieces,  houses 
set  on  fire,  persons  killed,  ships  damaged  and  destroyed;  and 

further  or  nearer  portions  of  the  atmosphere  in  which  the  concussion 
is  produced. 


Sometimes  the  discharge  follows  a path  approaching  to  a segment 
of  a circle,  6,  and  then,  if  the  ohseiwer  he  placed  in  the  situation  nearly 
equi-distant  from  every  part  of  the  flash,  it  will  affect  him  with  a 
single  crash. 
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Mr.  Snow  Harris  has  collected  the  particulars  of  two  hundred 
cases  of  damage  to  the  Royal  Navy,  Muthin  a jDeriod  of  a very 
few  years,  all  of  which  were  accompanied  by  loss  of  life. 

§ 382.  To  Dr.  Franklin  belongs  the  honour  of  having 
suggested  the  application  of  the  known  principles  of  electrical 
science  to  the  defence  of  buildings  against  the  dangers  of  a 
thunder-storm;  which  is  not  the  less  efficacious  because  men 
are  still  found  ignorant  and  prejudiced  enough  not  to  avail 
themselves  of  a defence  so  simple  and  little  expensive.  He 
proposed  the  erection  of  a continuous  metallic  rod  in  perfect 
communication  \AUth  the  earth,  by  the  side  of  any  building 
intended  to  be  secured  against  the  effects  of  lightning;  and 
experience  has  fully  demonstrated  the  utility  of  this  precaution. 
The  great  points  to  be  attended  to  in  the  construction  of  such 
conductors  are,  that  they  should  be  carried  above  the  highest 
point  of  the  building  to  be  protected, — that  they  should  be  of 
sufficient  substance  not  to  be  melted,  and  the  experience  of 
a century  has  proved  that  a copper  rod  of  half  an  inch  diameter 
has  never  yet  been  fused; — that  there  should  be  good  metallic 
contact  in  all  their  parts;— that  they  should  be  at  a distance 
from  all  metallic  substances  not  placed  in  metallic  commu- 
nication with  them;  and  that  they  should  terminate  at  a suffi- 
cient depth  in  the  ground,  and  be  led,  if  possible,  into  some 
piece  of  moist  earth,  or  large  body  of  water.  It  has  been 
proved  that  conductors  erected  with  these  precautions  will  pro- 
tect a circular  space  of  a radius  double  their  height  above  the 
highest  point  of  the  building  to  which  they  are  attached. 

Mr.  Snow  Harris  has  lately  overcome  the  difficulties  which 
attended  the  application  of  this  invaluable  protection  to  ships; 
and  his  admirable  plan  of  fixed  conductors  has  just  been  adopted 
in  the  Royal  Navy. 

§ 383.  An  objection  founded  in  ignorance,  has  some- 
times been  made  to  lightning-rods,  that  they  may  by  their 
attracth^e  power  invite  a discharge  where  otherwise  it  would 
not  take  place.  But  when  it  is  considered  that  one  of  the 
conditions  of  .a  thunder-storm  is  an  intense  electrical  induction 
of  a portion  of  the  eartlTs  surface  through  a dry  stratum  of  air 
to  the  surface  of  a cloud  of  some  thousands  of  aeres  in  extent, 
in  the  manner  of  a Leyden  jar,  it  will  lie  perceived  that  any 
such  elevation  as  compared  with  the  distance  and  extent  of  the 
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charged  clouds  is  utterly  inconsiderable^  and  quite  inadequate  to 
determine  their  discharge.  The  conductor  is  perfectly  passive, 
and  its  efficacy  consists  in  opening  an  easy  path  Ijy  which  the 
force  may  be  transmitted  when  directed  by  other  circumstances 
to  its  close  vicinity.  Its  action  is  at  best  but  of  a negative 
kind,  and  it  can  no  more  be  said  to  attract  the  lightning  than 
a watercourse  can  be  held  to  attract  the  water  which  necessarily 
flows  through  it  at  the  time  of  hea'S’^r  rain. 

It  is  true  that  a pointed  eonductor  will  silently  draw  off  a 
considerable  portion  of  the  electric  charge  from  a distant  cloud, 
and  its  action  will  sometimes  be  indicated  by  a glow,  or  even 
brush,  upon  its  extremity,  but  this  would  tend  to  diminish  the 
state  of  tension  of  the  charged  masses;  and,  if  inadequate  to 
produce  an  appreciable  diminution  of  the  enormous  quantities 
collected,  can  have  no  influence  in  exalting  the  tension  to  the 
point  of  disruption. 

§ 384.  The  beautiful  meteor  called  the  aurora  borealhy 
there  can  be  little  doubt,  is  another  form  of  eleetrical  discharge 
taking  place  in  the  upper  regions  of  the  atmosphere,  where  the 
decreased  density  of  the  air  admits  of  those  brushes  and  corus- 
cations which  can  be  so  well  imitated  in  the  receiver  of  the  air- 
pump.  Luminous  brushes,  aigrettes,  and  glows,  have  not 
unfrequently  been  observed  also,  previous  to  thunder-storms, 
upon  the  mast-heads  of  A^essels,  the  points  of  soldiers’  spears, 
and  even  upon  the  outstretched  fingers  of  the  hand.  Upon  the 
high  table-land  of  Mexico,  where  the  atmosphere  at  times  is 
extremely  dr)q  the  horses’  manes  become  luminous  and  emit  a 
crackling  noise.  These  lights  used  formerly  to  be  regarded  with 
feelings  of  dread  and  superstition,  and  went  in  Italy  by  the 
name  of  the  Fire  of  St.  Elmo. 

§ 385.  The  atmosphere,  though  not  usually  charged  to 
the  excess  which  is  necessary  to  produce  the  phenomena  to 
which  we  have  just  adverted,  will  commonly  afford  indications 
of  electrical  excitement.  In  calm  dry  weather,  when  no  clouds 
are  visible,  the  gold  leaves  of  an  electrometer  armed  with  a 
pointed  rod  or  flame,  will  always  indicate  vitreous  electricity; 
and  it  has  been  ascertained  that  its  intensity  is  subject  to 
regular  variations,  reaching  a maximum  about  seven  or  eight 
o’clock  in  the  morning,  and  falling  to  a minimum  between  one 
and  two.  In  high  winds  and  damp  weather,  without  rain. 
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electrical  indications  can  rarely  be  obtained;  and  in  cloudy 
weather,  and  in  times  of  showers  of  hail,  rain  or  snow,  they  vary 
very  much  both  as  to  kind  and  intensity. 

§ 386.  At  a very  early  period  it  had  been  observed  that, 
when  vessels  at  sea  had  been  struck  by  lightning,  their  com- 
passes were  often  deranged;  and  in  some  instances  the  polarity 
of  their  needles,  or  their  property  of  pointing  north  and  south, 
destroyed,  in  others  reversed.  Dr.  Franklin  also  succeeded  in 
imitating  this  effect  by  frequent  discharges  of  the  electrical 
batterJ^  Up  to  a very  recent  date,  however,  there  has  always 
been  great  uncertainty  in  the  results  of  the  experiment;  but  the 
conditions  of  its  success  have  lately  been  determined,  and  by 
wrapping  a wire  spirally  round  a glass  tube,  so  that  the  convo- 
lutions shall  not  touch  each  other,  and  placing  the  needle  within 
it  while  a strong  discharge  is  directed  through  the  wire,  these 
effects  may  be  produced.  If  a common  steel  needle,  without 
any  attractive  power,  be  placed  in  similar  circumstances,  it  M'ill 
be  found  to  have  acquired  the  power  of  attracting  iron  filings, 
and  all  the  properties  of  Magnetism. 

We  will  now,  therefore,  proceed  to  inquire  into  the  nature  of 
this  new  force,  and  the  laws  which  govern  its  action. 


XI.  MAGNETISM. 

§ 387*  The  force  or  forces  of  Magnetism  we  have 
already  distinguished,  (§  16),  as  they  reside  in  the  loadstone;  or 
as  eommunicated  by  friction  from  that  species  of  iron  ore  to 
bars  of  steel.  The  first  observed  phenomena  of  magnetism  did 
not,  like  those  of  electricity,  remain  for  some  thousand  years  a 
barren  discovery;  for  the  polarity  of  a magnetic  bar,  or  its 
property  of  always  pointing  towards  the  North  Pole  of  the 
earth,  was  long  since  rendered  subservient  to  navigation.  It  is 
said,  that  the  Chinese  and  Arabians  were  acquainted  with  this 
directive  power  before  the  Europeans,  and  that  they  employed 
it  even  one  thousand  years  before  the  Christian  era. 

Mr.  Davies  has  informed  us,  that  it  is  explicitly  mentioned 
in  a Chinese  dietionary  finished  in  a.d.  121;  and  in  another 
dictionary  completed  in  the  reign  of  Kang-hi,  he  says,  it  is 
stated  that  under  the  Tsin  dynasty,  (previous  to  a.d.  419,)  ships 
were  steered  to  the  south  by  the  magnet. 
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With  regard  to  Europeans,  the  only  certain  fact  concerning 
the  early  application  of  the  property  is,  that  Vasco  de  Gama,  a 
Portuguese  navigator,  employed  the  compass,  in  149/,  in  his 
first  voyage  in  the  Indian  seas. 

§ 388.  Let  us  now  examine  the  phenomena  with  more 
precision. 

If  a long  bar  magnet  be  covered  with  iron  filings,  and  then 
withdrawn  from  the  heap,  it  will  be  found  that  a portion  of  the 
filings  adhere  to  its  surface,  but  in  a very  unequal  manner: 
large  clusters  will  be  suspended  from  the  two  extremities,  but 
not  a particle  will  be  attached  to  the  centre  between  them  (95). 
It  may  also  be  observed  that  long  filaments,  composed  of  many 
smaller  ones  joined  end  to  end,  will  stand  erect  from  the  ends; 
but  that  as  they  recede  from  these  points,  they  will  be  shorter 
and  shorter,  and  incline  from  each  other,  appearing  to  be  self- 
repelled.  The  best  mode  of  examining  the  attractive  points  of 
such  a bar  is  to  place  it  under  a sheet  of  paper,  upon  which 
iron  filings  may  be  sifted.  By  gently  tapping  the  paper,  they 
are  slightly  projected  into  the  air,  and,  as  they  fall  under  the 
influence  of  the  magnetic  attractions,  they  distribute  themselves 
into  regular  and  beautiful  curve  lines  which  converge  towards 
the  extremities,  where  they  are  collected  in  largest  quantities. 
These  points  of  attraction  are  the  poles  of  the  magnet:  that  is, 
points  endued  with  similar,  but  opposed,  forces  of  attraction 
and  repulsion,  analogous  to  those  which  we  found  in  an  insu- 
lated electrical  conductor  under  induction.  A needle  of  soft 
iron,  freely  suspended  from  a silk  thread,  will  be  attracted  pre- 
cisely in  the  same  way  as  the  iron  filings;  but  a magnetic 
needle  of  steel  will  be  attracted  by  one  extremity,  and  repelled 
by  the  other.  These  phenomena  take  place  through  inter- 


(95)  If  a magnetized  bar  be  placed  on  a sheet  of  paper,  and  iron 
filings  be  sifted  upon  it,  they  will  adhere  to  it  in  the  manner  here 
represented. 
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posed  metals,  glass,  resins,  water,  paper,  &c.,  and  are  clearly 
distinguished  from  their  analogous  electrical  attractions  and 
repidsions. 

§ 389.  All  kinds  of  matter  are,  perhaps  we  may  be 
allowed  to  say,  transparent  to  the  magnetic  influence:  and 
thus  the  distance  of  bodies  through  intervening  rocks  or  other 
obstructions  may  be  measured  by  magnetic  needles,  whose 
motions  and  deflection  may  be  observed  under  the  influence  of 
a magnet  at  knowm  distances  and  compared  with  the  unknovTi 
interval.  This  method  has  been  successfully  employed  in 
mining. 


§ 390.  Sometimes  a bar  which  has  not  been  magnetized 
to  saturation  -nail  present  points  which  have  been  called  conse- 
cutive poles,  indicating  alternations  of  the  two  magnetic  forces. 
These  may  be  discovered  by  the  grouping  together  of  iron 
filings,  or  by  the  alternate  attractions  and  repulsions  of  the  bar 
at  the  different  points  when  freely  suspended. 

§ 391.  Soft  iron  becomes  magnetic  by  induction  from  a 
magnet,  just  as  an  insulated  cylinder  of  metal  becomes  electrical 
by  the  action  of  an  electrified  body  through  the  air.  If  a key, 
or  other  piece  of  iron,  be  held  near  one  of  the  poles  of  a 
powerful  loadstone  or  magnet,  it  will  be  found  that  a series  of 
iron  balls  and  needles  may  be  suspended  from  it,  each  in  suc- 
cession becoming  polar  under  the  influence  of  the  inducing 
force  (96).  When  the  magnet  is  withdrawn,  they  all  imme- 
diately return  to  their  neutral  state. 

The  opposition  of  the  poles  may  be  well  shown  by  sus- 
pending two  small  iron  cyhnders,  side  by  side,  in  contact,  and 
approaching  them  with  the  pole  of  a magnet ; each  will  become 
temporarily  magnetic ; and  each  will  have  its  nearest  end  con- 


(96)  A represents  a bar-magnet,  near  to  the  marked  extremity  of 
which,  N,  a key  is  held:  this  will  become  magnetic  by  induction,  and 

will  induce  magnetism  upon  the  three  small 

nails  brought  near  it,  which  will  be  consc-  a 

quently  attracted.  The  positions  of  the 
marked  poles  of  these  temporary  magnets  are 
indicated  by  the  letters  n"  n"  n""j  when  the 
key  is  gradually  removed  from  the  influence  of 
the  magnet,  the  iron  nails  successively  fall  off. 
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verted  into  an  opposite  pole  to  that  of  the  magnet : the  similar 
poles  of  the  two  cylinders  wiU  consequently  be  in  contact,  but 
will  immediately  repel  each  other,  and  the  cylinders  will  fly 
apart  (97). 

A bar  of  soft  iron  placed  upon  a bar-magnet  of  equal 
dimensions  neutralizes  its  action  upon  other  bodies  by  becom- 
ing converted  by  induction  into  a magnet  of  opposite  poles. 

If  a quantity  of  fine  iron  wire  be  cut  into  lengths  of  about 
one-eighth  of  an  inch,  large  quantities  of  it  may  be  suspended 
from  a magnet ; which  will  exactly  represent  the  black  silk 
threads  which  we  have  before  examined  under  the  inductive 
influence  of  electricity  in  spirits  of  turpentine  (§  317.) 

§ 392.  The  magnet,  like  the  charged  electrical  conductor, 
loses  none  of  its  original  force  while  communicating  this  induced 
power ; but,  on  the  contrary,  it  has  its  own  state  exalted  by  the 
reaction  of  the  opposite  power  it  thus  develops.  The  inductive 
influence  decreases  very  rapidly  with  the  distance,  and  is  in- 
versely as  some  unascertained  power  of  the  distance  much 
higher  than  the  square. 

§ 393.  There  is,  however  an  essential  difierence  in  the 
character  of  electrical  and  magnetical  induction : we  have  seen 
(§  315)  that  if  a cylinder  under  electrical  induction  be  broken  in 
two,  each  half  will  retain  an  opposite  charge  independently  of 
the  other ; but  if,  under  similar  circumstances  of  magnetic 
influence,  an  iron  wire  be  cut  in  two,  the  end  which  is  removed 
will  show  no  sigi:is  of  free  magnetism.  Under  no  circumstances, 
indeed,  can  one  magnetic  force  be  obtained  in  any  form  of  iron 

Fig.  1 . Fig.  2. 

(97)  When  the  unmarked  pole  of  a 
magnet,  s,  is  held  at  a little  distance  from  two 
pieces  of  soft  iron,  suspended  from  a point  by 
two  pieces  of  thread,  (fig.  1),  they  both  become 
magnetic  by  induction,  and  the  two  similar 
poles,  n n,  and  the  opposite  poles,  s s,  repel  one 
another.  If  the  pole  of  the  magnet,  s,  (fig.  2.) 
be  approached  nearer  to  them,  its  superior 
attraction  will  overcome  the  mutual  repul- 
sion of  the  poles  h 7i,  and  they  wall  be  dravTi 
towards  it,  but  the  poles,  s s,  will  separate  to 
a greater  distance  than  before. 
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without  the  co-existence  of  an  equal  amount  of  the  opposite  force 
in  the  same  mass : and  if  we  fracture  a magnet,  or  loadstone, 
into  any  nnmber  of  pieces,  each  fragment  will  be  a perfect 
magnet  with  contrary  poles. 

§ 394.  We  may  suppose  a mass  composed  of  minute 
grains  of  metal,  each  surrounded  by  a non-conducting  substance 
not  adding  sensibly  to  its  bulk : on  bringing  a body  thus  con- 
stituted near  an  electrified  body,  every  one  of  the  grains  would 
immediately  become  electrical  by  induction ; and  it  has  been 
mathematically  proved,  that  the  attractions  and  repulsions  which 
such  a body  would  exert  externally,  would  be  the  same  as  those 
of  a homogeneous  conductor  of  the  same  form  and  size,  subjected 
to  the  same  inductive  influence.  In  the  latter  case,  however, 
the  two  forces  would  be  transferred  to  the  opposite  extremities 
of  the  body ; while  in  the  former  they  would  remain  in  the 
masses  to  which  they  originally  belonged.  Such,  in  fact,  appears 
to  be  the  disposition  of  the  electric  forces  in  the  tourmaline 
(§  376),  and  it  offers  an  excellent  illustration  of  the  disposition 
of  the  forces  in  the  magnet. 

§ 395.  Hence  we  may  conclude  that  magnetic  induction 
takes  place  in  consequence  of  the  complete  and  separate  pola- 
rization of  each  particle  of  iron,  just  as  electrical  polarization 
takes  place  in  a dielectric;  and  that  the  forces  cannot  travel 
from  one  to  the  other  to  accumulate  at  the  ends  like  the  electric 
forces  in  an  insulated  conductor. 

Iron  filings,  by  their  mere  juxtaposition,  under  the  influence 
of  a magnet  form  a series  of  minute  magnets,  of  which  the  poles 
are  similarly  situated  in  each ; and,  being  alternately  of  different 
kinds,  the  adjacent  ends  attract  one  another.  An  accumulation 
of  such  filings  between  the  opposite  poles  of  two  magnets,  or  of 
a magnet  bent^into  the  form  of  a horse-shoe,  accurately  repre- 
sents a bar  of  soft  iron  placed  in  the  same  position,  and  the 
particles  of  both  we  conceive  to  be  precisely  in  the  same 
condition. 

Separate  magnetic  charges  cannot  be  supported  by  distant 
bodies,  by  a polarization  of  the  particles  of  the  intervening  air, 
equivalent  to  that  which  sustains  a charge  of  either  of  the 
electrical  forces.  The  magnetic  forces  traverse  all  substances 
except  iron  and  one  other  metal,  nickel,  without  aflbrding  any 
indications  of  that  action  upon  their  particles,  which  has  so 
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lately  been  established  by  Dr.  Faraday  in  the  case  of  the 
electrical  forces. 

§ 396.  Perfectly  pure  soft  iron  returns  immediately  to  its 
neutral  state  upon  removing  the  inducing  cause  or  pole  of  the 
magnet ; but  if  the  natural  arrangement  of  the  particles  of  the 
metal  be  disturbed  by  mechanical  force,  such  as  twisting  or 
violent  hammering,  it  vdll  retain  its  polarity  for  longer  or  shorter 
periods.  The  new  arrangements  which  take  place  from  chemical 
combination  also  confer  this  retentive  or  coercive  power  in  a 
high  degree : hence,  the  permanence  of  the  magnetic  forces  in 
the  loadstone,  which  is  an  oxide  of  iron,  and  in  hard  steel,  a 
compound  of  carbon  and  the  same  metal. 

§ 397.  The  process  of  induction  takes  place  very  slowly 
in  tempered  steel  by  mere  contact ; the  coercive  power  which 
retains  the  particles  in  their  polarized  state,  when  once  acquired, 
opposing  itself  to  its  reception:  but  it  is  greatly  facilitated  by 
friction.  When  one  pole  of  a powerful  magnet  is  rubbed  two 
or  three  times  along  a bar  from  end  to  end,  always  in  the  same 
direction,  the  latter  speedily  acquires  the  magnetic  virtue. 
Various  modes  of  friction  have  been  devised  for  saturating  steel 
bars  with  magnetism ; instead  of  the  simple  mode  just  indicated, 
which  goes  by  the  name  of  the  single  touch,  the  two  opposite 
poles  of  a magnet,  bent  into  the  form  of  a horse-shoe  (98),  may 
be  brought  down  upon  the  centre  of  the  bar  to  be  magnetized, 
with  the  poles  turned  in  a direction  the  reverse  of  that  of  the 
poles  intended  to  be  given  to  the  bar,  and  then  moved  along 
the  surface  from  the  centre  alternately  to  each  extremity,  taking 
care  to  pass  over  each  half  of  it  an  equal  number  of  times,  and 
repeating  the  same  operation  on  the  opposite  side.  This  is 


(98)  This  figure  represents  a magnet  bent  into 
the  form  of  a horse-shoe;  by  which  means  the  two 
poles  are  brought  near  to  each  other,  and  are  better 
adapted  to  many  experiments.  When  not  in  use, 
they  are  connected  together  by  a piece  of  soft  iron, 
which  is  called  the  keeper,  by  which  their  force  is 
preserved  unimpaired.  The  power  of  a magnet 
may  be  measured  by  suspending  a scale-pan  to  the 
keeper,  and  loading  it  with  w'eights  till  it  becomes 
detached  by  their  gravity. 
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called  tlie  double  touch,  and  the  bar  becomes  speedily  and 
effectually  magnetic. 

§ 398.  Great  advantage  is  derived  when  two  bars  are 
to  be  magnetized,  by  disposing  them  in  a parallelogram,  in 
conjunction  with  connecting  pieces  of  soft  iron.  Both  the 
poles  of  a horse-shoe  magnet  are  brought  down  upon  the 
parallelogram  so  formed  and  drawn  around  it;  one  pole  follow- 
ing another  always  in  the  same  direction.  In  completing 
the  operation  the  poles  of  the  horse-shoe  must  be  turned  in 
such  a way  as  that  one  may  be  drawn  down  one  bar,  and  the 
other  simultaneously  down  the  other,  so  that  both  may  be 
lifted  at  the  same  time  from  the  poles  of  the  two  magnets 
which  have  been  touched.  If  the  poles  of  the  horse-shoe  were 
to  be  lifted  from  the  magnets  in  their  original  position,  there 
would  he  a loss  of  one- third  of  their  power  (99).  Horse-shoe 
magnets,  for  the  same  reason,  may  he  most  efficaciously  touched 
by  connecting  together  their  extremities  with  soft  iron.  In 
such  a complete  circuit,  moreover,  the  power  is  preserved  most 
securely  by  the  reciprocal  influence  of  the  opposed  forces,  and 
magnets  when  out  of  use  should  be  carefully  protected  in  this 
manner.  While  such  a circuit  is  closed,  it  will  exert  but  a 
feeble  influence  upon  any  exterior  body;  but  the  keeper,  as  the 
soft  iron  bar  is  called,  is  retained  in  its  position  by  a very 
powerful  attraction.  It  is,  however,  found  that  the  weight 
which  it  will  support  immediately  after  the  process  of  magnet- 
izing, is  much  greater  than  when  the  circuit  is  reclosed  after 
having  been  once  broken. 

§ 399.  Powerful  magnetic  batteries  are  constructed  by 
uniting  a number  of  horse-shoe  magnets,  laying  them  one  over 
the  other,  with  all  their  poles  similarly  disposed,  and  fastening 
them  together  in  a copper  case.  Care  should  however  be  taken 
that  all  the  bars  should  be  as  nearly  as  possible  of  the  same 
power,  for  the  interposition  of  feeble  bars  greatly  reduces  the 
power  of  the  stronger,  just  as  plates  of  soft  iron  would  destroy 
it  altogether. 


(99)  Tins  figure  represents  two  bar 
imignets,  with  their  opposite  poles,  n s, 
placed  in  a juxta-position,  and  connected 
hy  means  of  their  armatures  of  soft  iron. 
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The  Rev.  Mr.  Scoresby  has  aseertained  that  great  advantage 
arises  from  constructing  magnets  of  thin  plates  of  hard  steel, 
se]Darated  from  one  another  by  very  thin  shavings  of  wood.  A 
magnet  thus  formed  of  196  plates,  15  inches  long,  and  1|  inch 
wide,  rendered  an  iron  nail  weighing  500  grains,  magnetic  by 
induction,  at  a distance  of  11  inches,  so  that  it  supported 
another  weighing  389  grains.  It  also  sustained  a nail  weighing 
194  grains  through  a slab  of  marble  seven-eighths  of  an  inch 
thick. 


§ 400.  The  action  of  the  earth  upon  a magnetic  needle 
(100),  may  be  roughly  compared  to  that  of  a large  bar  magnet 
upon  it;  and  may  be  represented  by  the  action  of  such  a magnet 
passing  nearly  along  the  axis  of  a globe,  the  poles  of  which,  how- 
ever, do  not  exactly  coincide  with  the  poles  of  the  earth^s  rotation. 
If  a small  magnetic  needle,  suspended  so  that  it  has  freedom  of 
motion  in  a vertical  plane,  be  placed  midway  upon  such  a 
magnet  or  upon  the  equator  of  the  globe,  it  will  assume  a hori- 
zontal position,  with  its  poles  directed  to  the  dissimilar  poles  of 
the  large  bar. 

The  end  of  a needle,  or  bar,  which  directs  itself  towards  the 
north  pole  of  the  earth,  is,  for  convenience,  generally  distin- 
guished by  a mark,  and  is  therefore  best  denominated  the 
marked  end.  It  is  sometimes  called  the  north  end,  or  pole; 
but  very  improperly,  as  it  manifests  the  opposite  force  to  that 
which  acts  at  the  north  terrestrial  pole. 

As  the  needle  above-mentioned  is  advanced  towards  one 
pole  of  the  large  magnet,  the  end  which  is  directed  towards  that 
pole  begins  to  dip  or  incline  downwards,  till  at  length  it  stands 
perpendicularly  above  it.  Upon  being  gradually  drawn  back  to 
its  former  position,  it  slowly  recovers  its  horizontal  direction; 


c 


(100)  This  figure  represents  a 
convenient  mode  of  supporting  a 
needle  for  the  purpose  of  indicating 
its  direction.  A is  a stand  in  which 
is  fixed  an  upright  rod,  of  any  sub- 
stance hut  iron.  The  latter  termi- 
nates in  a point,  which  fits  into  a 
small  agate  cap  at  the  centre  of  the 
needle,  which  is  thus  free  to  move 
with  the  least  possible  friction. 
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and  upon  being  advanced  towards  the  opposite  pole,  the  same 
series  of  phenomena  take  place  with  the  opposite  end  (101). 


§ 401.  Perfectly  analogous  phenomena  of  direction  and 
dip  take  place  under  the  influence  of  terrestrial  magnetism,  hut 
the  laws  which  govern  them  are  of  a more  complicated  nature. 
A needle  freely  suspended,  out  of  the  influence  of  any  ferru- 
ginous mass,  only  remains  in  equilibrium  when  in  the  magnetic 
meridian;  there  are  places  where  this  line  coincides  with  the 
terrestrial  meridian,  and  in  these  a magnetic  needle  points  to 
the  true  north.  If,  however,  it  be  carried  successively  to  dif- 
ferent places  on  the  earth’s  surface,  its  direction  will  be  some- 
times to  the  east,  and  sometimes  to  the  west  of  north.  It 
appears,  from  the  latest  researches,  to  be  probable  that  there 
may  be  more  than  one  magnetic  pole  in  either  hemisphere. 
According  to  the  observations  of  M.  Hansteen,  there  is  one  in 
Siberia,  in  longitude  102°  east  of  Greenwich,  and  a little  to  the 
north  of  the  60th  degree  of  latitude:  this  is  of  much  inferior 
force  to  the  other,  which  has  been  determined,  by  the  obser- 
vations of  our  late  arctic  navigators,  to  be  about  96°  40'  W. 
longitude,  and  70°  14'  N.  latitude.  Thus  the  tvm  centres  of 
attraction  in  the  northern  hemisphere  are  not  at  opposite  points; 
but  the  distance  between  thefn  is  about  200°  across  Greenland 
and  Norway,  and  160°  across  Behring’s  Straits.  The  corre- 
sponding southern  poles  are  respectively  in  the  neighbourhood 
of  Cape  Horn  and  to  the  south  of  Australia.  The  magnetic 
equator,  moreover,  does  not  exactly  coincide  with  the  terrestrial 
equator,  but,  from  a discussion  of  all  the  observations,  appears 
to  be  an  irregular  curve,  inclined  to  it  at  an  angle  of  about  12°, 
and  crossing  it  in  at  least  three  points  of  longitude. 

The  direction  of  the  needle  varies  even  in  the  same  place;  in 
the  beginning  of  the  seventeenth  centur}’^,  the  needle  in  London 


(101)  The  suspension  of  the 
dipping-needle  is  here  shown.  The 
needle  is  formed  of  a flat  piece  of 
steel,  through  the  centre  of  which  a 
small  axis  passes  at  right  angles.  It 
freely  moves  in  circular  holes,  made 
in  the  horizontal  bar  n //,  which 
forms  the  diameter  of  the  circle,  c c, 
which  is  graduated  for  the  purpose 
of  showing  the  angle  made  by  the 
needle  with  the  horizon. 
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inclined  a few  degrees  to  the  eastward  of  the  true  north;  in 
1659  it  pointed  exactly  north;  and  after  this  the  line  of  no 
variation  began  to  travel  slowly  westward,  and  has  now  passed 
over  to  North  America.  At  New  York,  U.  S.,  in  1837  the 
variation  observed  by  Professor  Renwick,  was  5°  28'  W. 

§ 402.  Tlie  dip  undergoes  corresponding  changes,  though 
less  considerable  than  those  of  the  variation;  and  in  London  it 
has  been  found  that  there  has  been  an  annual  diminution  of 
about  3'  for  the  last  fifty  years.  In  1822  it  was  observed  by 
Col.  Sabine  to  be  72°. 

I 

§ 403.  The  needle  is  also  subject  to  diurnal  variations  of  i 
small  amount;  in  our  latitudes  it  moves  slowly  eastward  during 
the  forenoon,  and  returns  to  its  mean  position  about  ten  in  the 
evening:  these  variations  doubtless  depend  upon  diurnal  changes 
of  temperature.  In  addition  to  them,  sudden  disturbances  of  a 
large  amount  often  affect  the  magnetic  instruments,  which  are 
not  of  long  duration,  but  have  been  ascertained  to  be  synchro- 
nous all  over  the  globe.  They  indicate  what  have  been  called 
magnetic  storms,  and  the  vigilance  with  which  these  and  all 
other  magnetic  phenomena  are  now  recorded  at  the  Obser- 
vatories which  have  been  founded  by  the  Government,  under 
the  directions  of  the  Royal  Society,  promises  not  only  that 
some  mathematical  theory  of  the  whole  will  result  from  this 
unceasing  labour,  but  that  some  light  will  be  thrown  upon  the 
physical  causes  of  such  interesting  and  extensive  effects. 

Besides  the  variation  and  the  dip,  there  is  a third  circum-  I 
stance  in  terrestrial  magnetism  which  is  desertyng  attention,  and  i 
that  is,  the  intensity  of  the  force  which  obliges  the  needle  to 
take  up  its  position  of  equilibrium.  This  force  varies  greatly  in 
different  latitudes,  and  increases  generally  from  the  equator  to 
the  poles.  If  we  represent  the  highest  degree  of  intensity  by 
1.81,  the  lowest  degree  is  something  less  than  half,  or  0.84.  It 
is  not  symmetrically  distributed  in  the  northern  hemisphere; 
but  there  is  a general  analog)^  of  distribution  in  the  two  polar 
hemispheres. — If  we  imagine  the  globe  to  be  divided  into  an 
eastern  and  a western  hemisphere  by  a plane  coinciding  vuth  the 
meridians  of  100°  and  280°,  the  western,  comprising  America 
and  the  Pacific  Ocean  has  a higher  intensity  than  the  eastern, 
comprising  Europe,  Africa,  and  the  Atlantic  Ocean;  but  the 
magnetic  charge  is  equal  in  the  northern  and  southern  hejni- 
spheres. 
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§ 404.  For  a long  time  the  only  known  means  of  esti- 
mating the  intensity  of  the  magnetic  force,  M^as  to  ascertain  the 
weight  which  might  be  suspended  from  a magnet  by  means  of 
a piece  of  soft  iron.  This  of  course  is  a verj’^  inaccurate  opera- 
tion; but  Coulomb  suggested  two  methods  by  which  this 
important  point  may  be  determined  with  the  greatest  precision. 
The  first  of  these  is  the  torsion  balance,  the  operation  of  which 
has  been  already  described,  and  the  second,  the  method  of 
oscillations.  This  consists  in  counting  the  number  of  oscil- 
lations made  by  a magnetic  needle  in  resuming  its  original 
position,  under  the  influence  of  any  magnetic  force,  when  dis- 
turbed from  its  position  of  equilibrium.  The  movements  of  the 
needle  are  subject  to  the  same  laws  which  govern  the  oscillations 
of  a pendulum  acted  on  by  the  force  of  gravity;  and  it  is  a 
necessar}’’  consequence  of  these  laws  that  the  intensity  of  the 
force  producing  the  oscillations  is  proportional  to  the  square  of 
the  number  of  oscillations  performed  in  a given  time. 

By  these  methods  it  has  been  determined  that,  between 
magnets,  the  forces  both  of  magnetical  attraction  and  repulsion, 
are  in  inverse  proportion  to  the  squares  of  the  distances. 

§ 405.  The  earth,  thus  regarded  as  a magnet,  is  capable 
of  acting  by  induction  upon  other  bodies;  and  if  in  these  lati- 
tudes we  hold  a bar  of  pure  soft  iron  in  the  direction  of  the 
magnetic  dip,  the  lower  end  will  have  the  properties  of  the 
marked  pole  of  a magnet,  and  the  upper  those  of  an  unmarked 
pole,  as  may  easily  be  ascertained  by  approaching  them  with  a 
magnetic  needle.  That  this  state  of  polarity  is  only  temporary, 
may  be  proved  by  reversing  the  bar,  when  the  poles  will  be 
found  in  the  same  position  as  before.  A bar  of  steel,  or  of  hard 
iron,  will  become  permanently  magnetic  by  remaining  long  in 
the  same  position,  and  it  commonly  happens  that  the  fire- 
irons,  poker,  and  tongs,  which  usually  incline  against  the  grate, 
in  a position  not  very  different  from  that  of  the  dip,  become 
magnets. 

§ 406.  The  communication  of  magnetism  to  an  iron  or  a 
steel  bar  by  this  influence  may  be  greatly  expedited  by  causing 
it  to  vibrate  strongly,  as  by  striking  it,  when  in  the  proper  posi- 
tion, upon  the  end  with  a hammer.  It  may  also  be  greatly 
increased  by  the  inductive  influence  of  other  masses  of  iron  in 
contact  with  it;  notwithstanding  the  iron  itself,  which  thus  adds 
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to  the  effect,  derives  its  power  also  from  the  same  source, 
namely,  the  magnetism  of  the  earth.  Thus  a steel  bar  acquires 
a feeble  magnetism  by  being  hammered  vertically  when  resting 
upon  stone  or  pewter,  but  receives  a considerable  accession  of 
power  when  subjected  to  the  same  degree  of  hammering  while 
placed  upon  a parlour  poker  in  a similar  position.  The  power 
of  a magnet  is,  in  fact,  always  increased  by  the  reaction  of 
another  body,  in  which  it  induces  magnetism;  and  this  pro- 
perty is  made  useful  in  arming  (as  it  is  termed)  a natural 
loadstone,  and  thereby  increasing  its  power.  Two  plates  of 
very  soft  iron  are  provided,  equal  in  breadth  to  the  surfaces 
of  the  stone  which  include  the  poles,  and  a little  longer; 
so  that  when  applied  to  them,  a portion  of  each  plate  projects 
beyond  the  loadstone.  The  armature  is  fixed  on  very  firmly 
by  wires,  or  an  external  case  of  any  metal  not  susceptible  of 
magnetism.  The  power  of  the  stone  is  found  to  be  thus  very 
much  augmented. 

§ 407.  As  the  mechanical  vibration  of  the  particles  of  a 
steel  bar  facihtates  its  reception  of  magnetic  polarity,  so  Avill 
the  diminution  of  its  coercive  power  by  the  same  means  promote 
its  return  to  the  neutral  state,  and  highly-charged  magnets 
quickly  lose  their  virtue  by  any  concussion  of  their  particles. 
A fall  on  the  floor,  rubbing  with  coarse  powder  for  the  purpose 
of  polishing,  and  grinding,  will  all  prove  more  or  less  injurious 
to  their  powers. 

§ 408.  The  only  substance,  besides  iron  and  its  com- 
pounds, which  has  been  found  susceptible  of  magnetic  polarity, 
of  the  kind  which  we  have  just  been  considering,  is  the  metal, 
nickel ; but  there  has  been  some  difiiculty  in  determining  this 
point,  from  the  small  quantity  of  iron  which  is  capable  of  con- 
ferring attractive  powers  upon  other  metals  with  which  it  may 
be  alloyed.  This  in  some  instances  is  so  small  as  to  escape  the 
detection  of  chemical  analysis. 

§ 409.  The  influence  of  heat  upon  magnetism  is  very 
remarkable.  If  a steel  bar  be  heated  to  redness,  and  placed 
under  magnetic  induction,  and  then  suddenly  cooled,  it  will  be 
found  to  have  become  strongly  and  permanently  magnetic  in  a 
very  short  time.  On  the  other  hand,  the  application  of  heat  to 
a magnet  is  invariably  attended  by  a dissipation  of  its  power. 
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It  is  sensibly  affected  by  the  heat  of  boiling  water ; and  a red 
heat  totally  destroys  its  magnetism.  If  the  temperature,  how- 
ever, be  raised  only  to  100,  it  loses  much  of  its  power  during 
the  operation,  but  recovers  it  again  on  becoming  cool;  but 
after  it  has  been  heated  to  redness,  no  part  of  its  magnetism 
returns.  The  power  of  a magnet,  moreover,  increases  as  it 
becomes  colder,  to  the  utmost  limit  to  which  refrigeration  can 
be  carried. 

At  a white  heat,  iron  appears  to  be  totally  insusceptible  of 
any  magnetic  impression  whatever,  and  a white-hot  ball  of  iron 
may  be  brought  close  to  a delicate  magnetic  needle,  without  at 
all  disturbing  its  state  of  repose.  Nickel  loses  its  magnetic 
influence  at  a much  lower  temperature,  and  becomes  totally 
indifferent  when  heated  to  630°  Fahrenheit. 

§ 410.  The  phenomena  of  magnetism  have  been  con- 
nected together  by  two  hypotheses  of  exactly  the  same  nature 
as  those  which  have  been  applied  to  the  analogous  phenomena 
of  electricity.  The  first,  or  that  of  ^Epinus,  refers  them  to  the 
agency  of  a peculiar  fluid,  having  properties  very  similar  to 
those  of  the  electric  fluid  in  the  hypothesis  of  Franklin,  but 
which  act  only  upon  ferruginous  bodies  and  nickel.  The  par- 
ticles of  this  fluid  repel  one  another  with  a force  which  decreases 
as  the  distance  increases,  and  they  are  attracted  by  the  particles 
of  iron  -with  a force  varying  according  to  the  same  law.  This 
hypothesis  further  requires  the  sujDposition  that  the  particles  of 
iron  repel  one  another  according  to  the  same  law. 

The  second  hypothesis  is  exactly  similar  to  the  electric 
hypothesis  of  Du  Fay,  and  is  founded  on  the  supposition  of 
two  magnetic  fluids  residing  in  the  particles  of  iron,  and  inca- 
pable of  quitting  them.  One  of  these  imparts  the  northern, 
and  the  other  the  southern  polarity,  and  they  have  been  deno- 
minated respectively  the  boreal  and  austral  fluids.  The  particles 
of  each  attract  those  of  the  other,  but  repel  those  of  the  same 
kind.  When  in  combination  with  each  other  these  fluids  are 
inactive ; each  becoming  active  only  when  separate.  The  de- 
composition of  the  neutral  fluid  is  effected  by  the  inductive 
influence  of  either  the  one  or  the  other  when  acting  independ- 
ently. Both  hypotheses  differ  from  the  corresponding  electrical 
assumptions  by  the  necessary  condition  that  the  imponderable 
fluid  cannot  travel  from  particle  to  particle,  but  that  the  mag- 
netic elements,  or  atomic  portions  of  matter  to  which  they  are 
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attached,  are  separated  from  each  other  by  extremely  small 
spaces,  within  which  the  displacements  and  motions  of  the 
magnetic  fluids  are  restricted. 

Either  of  these  general  views  affords  a sufficient  basis  for 
mathematical  calculations  which  embrace  all  the  leading  facts 
of  the  science,  but  cannot  for  a moment  be  supposed  to  repre- 
sent the  real  mechanism  of  the  phenomena,  especially  since  the 
inseparable  connexion  which  has  lately  been  proved  to  exist 
between  the  electrical  and  magnetical  forces,  into  the  nature  of 
which  it  will  be  our  future  business  to  inquire. 

§ 411.  We  are  now,  however,  arrived  at  a point  at  which 
a more  intimate  knowledge  of  the  properties  of  different  kinds 
of  matter,  simple  and  compound,  and  of  the  laws  of  chemical 
combination  and  decomposition,  is  essential  to  our  progress ; 
and  we  must  proceed  to  examine  the  character  of  chemical 
affinity ; the  laws  which  limit  its  action ; and  its  connexion 
with  the  other  forces  which  have  already  passed  under  our 
review. 

XII.  CHEMICAL  AFFINITY. 

§ 412.  Chemical  affinity,  or  the  highest  degree  of  hete- 
rogeneous attraction,  we  have  already  recognised  (§  22)  as  the 
force  which  causes  the  dissimilar  particles  of  different  kinds  of 
matter  to  combine  together  in  the  most  intimate  manner; 
forming  compounds  differing  in  all  their  essential  qualities  and 
actions  from  their  constituent  ingredients,  and  constituting,  in 
fact,  distinct  species  of  matter. 

The  greater  the  original  opposition  of  properties  in  bodies, 
the  stronger  appears  to  be  this  species  of  attraction  between 
them.  Heterogeneous  adhesion  seems  to  depend  upon  a certain 
similarity  of  nature.  To  effect  the  solution  of  a metal,  another 
liquid  metal,  as  mercury  at  ordinary  temperature,  or  tin  or  zinc 
at  higher  degrees  of  heat,  must  be  employed : inflammable 
liquids,  as  alcohol  and  ether,  readily  dissolve  resins,  fats,  and 
other  inflammable  solids,  which  are  not  taken  up  by  water; 
while  water  will  dissolve  salts  and  acids,  which  are  but  little 
acted  upon  by  the  mere  adhesive  force  of  the  first-named 
substances.  By  the  force  of  affinity,  on  the  contrary,  metallic 
bodies  combine  with  non-metallic ; acids  with  alkalies ; com- 
bustible with  non-combustible  liodies. 
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Tlie  fundamental  idea  of  chemistry,  in  tlie  limited  accep- 
tation of  the  word,  is  elementary  composition,  and  by  this  it  is 
distinguished  from  the  classificatory  sciences,  such  as  minera- 
logy, which  are  founded  upon  the  idea  of  graduated  resem- 
blances*. 

The  first  questions  which  seem  naturally  to  suggest  them- 
selves upon  these  statements  are, — What  are  the  simplest  forms 
of  matter  ? What  is  the  chemical  constitution  of  the  familiar 
forms  of  matter  with  which  we  are  surrounded  ? Are  they 
simple  or  compound  ? What  are  the  elements,  or  first  ponder- 
able principles  of  our  globe  ? 

§ 413.  Now,  in  discussing  these  questions,  we  have 
something  more  formidable  to  deal  with  than  mere  ignorance : 
— namely,  the  strong  prejudices  of  erroneous  education.  It 
requires  no  great  advancement  in  classical  knowledge  to  dis- 
cover that  the  ancients  considered  that  the  four  elements,  out 
of  which  all  other  things  in  nature  were  compounded,  were 
earth,  air,  fire,  and  water.  The  notion  originated  with  a cele- 
brated philosopher  and  good  poet,  named  Empedocles,  who 
flourished  about  four  centuries  before  the  Christian  era.  His 
philosophical  opinions  were  sung  in  verse  by  his  contempora- 
ries, and  have  been  incorporated  into  the  poetry  of  all  succeed- 
ing ages;  and  have  thus  been  invested  with  a charm  and  an 
authority  well  calculated  to  mislead  the  judgment,  if  not  sub- 
mitted to  correction. 

It  is  much  to  be  feared  that  many  highly-educated  persons, — 
persons,  that  is,  thoroughly  imbued  with  the  taste  and  accom- 
plished in  all  the  literature  of  the  ancients, — are  content  with 
meagre  guesses  made  by  them  respecting  the  nature  of  those 
surrounding  objects  of  paramount  interest,  upon  which  their 
.very  existence  depends.  The  time  of  their  youth  has  been 
devoted  to  pursuits  with  which  the  natural  philosophy  of  the 
Greeks,  or  rather  their  crude  speculations  upon  natural  pheno- 
mena, are  thoroughly  interwoven;  and  in  after-life  they  often 
want  the  time,  or  the  inclination,  to  correct  their  careless  obser- 
vation of  facts,  and  reckless  assumption  of  abstract  principles, 
by  the  sober  results  of  the  Baconian  philosophy.  But  the 
error  has  been  disseminated  far  beyond  the  sphere  in  which  it 
originated,  and  has  struck  deep  root  in  the  general  mind;  its 
fibres  having  become  entwined  in  the  very  texture  of  common 
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language.  Even  our  dictionaries  of  highest  authority  inform 
the  inquirer,  that  the  word  element  means  “ the  first  or  con- 
stituent principle  of  any  thing,”  and  that  the  four  elements 
usually  so  called,  are  earth,  fire,  air,  water,  of  which  our  world 
is  composed*.”  We  cannot  commence  our  inquiry  into  the 
nature  of  chemical  combination  better,  than  by  applying  the 
test  of  experiment  to  this  popular  and  classical  notion  of  the 
elements  of  all  things. 

Air  and  water,  moreover,  are  almost  necessarily  present  in 
all  our  operations,  and  it  is  of  the  utmost  importance  that  we 
should  become  as  early  as  possible  acquainted  with  their  pro- 
perties. 

Let  us  begin  with  air. 

§ 414.  The  mechanical  properties  of  the  atmosphere  in 
which  we  draw  our  breath,  and  on  which  our  vital  functions  all 
depend,  have  been  already  examined  (§  42,  et  seq.) : it  is  with 
its  chemical  properties  that  we  are  now  to  be  engaged.  And 
first,  let  us  inquire  whether  air  be  capable  of  resolution  into 
parts  of  dissimilar  nature  and  properties  by  the  arts  of  chemistrj’-. 

Now,  the  only  means  at  our  disposal  for  effecting  the 
decomposition  of  bodies,  compounded  vmder  the  force  of  affinity, 
is  a higher  degree  of  the  same  attraction  in  some  other  body  for 
one  of  their  component  parts,  assisted  sometimes  by  the  con- 
current action  of  other  forces.  The  process  which  goes  by  the 
name  of  Elective  Affinity,  is  a play  of  forces  of  exactly  the  same 
nature  as  that  which  has  already  been  described  in  the  case  of 
the  subordinate  force  of  heterogeneous  adhesion  (§  102).  It 
has  been  exemphfied  in  the  decomposition  of  the  combination 
of  nitric  acid  with  copper  j when  a blade  of  iron  immersed  into 
the  solution  became  covered  with  metallic  copper  (§  22).  The 
affinity  of  the  iron  for  the  nitric  acid  was  greater  than  that  of 
copper;  the  iron  therefore  combined  with  the  acid,  and  the 
copper  was  disengaged. 

To  ascertain,  therefore,  whether  air  be  of  an  elementary  or 
compound  nature,  we  must  subject  it  to  the  action  of  some  of 
the  most  powerful  agents ; and  observe  whether  they  are  able  to 
abstract  any  portion  of  its  substance  to  the  exclusion  of  another 
portion. 

* Todd’s  Johnson.  This  illustration  of  tlie  word  element,  still  holds  its 
place  even  in  the  admirable  New  Dictionary  of  the  English  Language,  of  Sir. 
Charles  Richardson.  The  French  lexicograijhera  have  long  since  ceased  to 
propagate  error  in  this  respect. 
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§ 415.  One  of  the  most  energetic  processes  with  which 
we  are  familiarly  acquainted,  is  that  of  combustion;  and  common 
experience  ought  to  be  enough  to  convince  a careful  observer 
that  it  is  dependent  upon  the  air.  A simple  experiment  with 
the  air-pump  will  satisfy  any  one  that  it  is  essential  to  it ; for 
any  burning  body  placed  under  the  receiver  will  be  extinguished 
by  the  exhaustion  of  the  air. 

Most  persons  are  also  aware  that  a lighted  taper  will  be 
extinguished,  after  burning  a short  time,  in  a portion  of  air 
confined  in  a bell-glass  standing  over  water.  If  a more  accurate 
experiment  be  made  by  igniting  a piece  of  another  combustible 
body,  phosphorus,  under  a receiver  whose  edges  are  ground  so 
as  to  render  it  air-tight  when  standing  on  a brass  plate,  it  will 
burn  for  some  time  j white  flocks  of  a new  species  of  matter  will 
form  in  the  air,  and  fall  upon  the  plate  like  snow,  and  it  wiU 
soon  be  extinguished.  Upon  opening  the  receiver  under  water, 
after  it  has  cooled  down  to  its  original  temperature  a quantity  of 
water  will  rush  in  and  fiU  one-fifth  part  of  the  capacity  of  the 
receiver.  The  quantity  of  air  consumed  will  never  exceed  or 
fall  short  of  this  amount,  if  the  experiment  be  conducted  with 
sufficient  accuracy.  The  residual  four-fifths  of  the  air,  after 
washing,  will,  upon  examination,  be  found  possessed  of  very 
different  properties  from  those  of  the  original  quantity. 

§ 416.  In  the  first  place  its  specific  gravity  will  be 
different;  100  cubic  inches  at  mean  pressure  and  temperature, 
will  only  weigh  30.15  grains,  instead  of  31  grains:  in  the  second 
place,  it  wiU  not  support  combustion ; phosphorus  in  a state  of 
intense  inflammation  -will  be  instantly  extinguished  by  it : and 
lastly,  it  will  not  support  life ; insects,  or  other  small  animals,  wiU 
soon  expire  if  confined  in  it.  It  is  a singularly  inactive  substance 
and  wall  not  directly  combine  with  any  other  single  element; 
even  under  the  influence  of  a high  temperature.  It  may  be 
obtained  by  chemical  means  from  other  compounds ; but  there 
is  none  preferable  to  the  simple  process  of  combustion  which 
we  have  just  described.  If  the  experiment  be  made  wdth  a 
proper  regard  to  quantities,  it  will  be  found  that  the  weight  of 
the  white  matter  formed  during  the  process  will  be  exactly  equal 
to  the  weight  of  the  deficient  air,  added  to  the  weight  of  the 
phosphorus  consumed.  This,  then,  is  clearly  a case  of  elective 
attraction  : the  phosphorus  has  taken  a something  from  the  air, 
with  which  it  has  combined  and  produced  a new  form  of  matter. 
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to  the  exclusion  of  another  portion  with  which  it  refuses  to 
unite. 

Tlie  residual  air  is  one  of  our  chemical  elements;  meaning  no 
more  by  the  expression  than  that,  in  the  present  state  of  science, 
art  is  incapable  of  resolving  it  into  more  simple  principles.  The 
chemist  of  the  present  day  has  learnt  diffidence  from  the  failure 
of  his  predecessors,  and  no  longer  affirms  that  the  substances 
which  resist  his  powers  of  decomposition  are  the  real  elements 
of  nature ; but,  on  the  contrary,  holds  it  as  extremely  probable 
that,  as  science  advances,  many  undecompounded  substances 
may  be  resolved  into  simpler  forms  of  matter.  Till  experiment, 
however,  shall  have  shown  this  to  be  possible,  it  is  not  contrary 
to  the  principles  of  the  inductive  philosophy  to  consider  them 
as  elementary. 

This  gaseous  body  is  sometimes  called  Axote,  from  its 
noxious  influence  upon  life;  but  more  commonly  Nitrogen, 
from  its  entering  into  the  composition  of  nitre.  It  was  first 
distinguished  by  Professor  Rutherford  of  Edinburgh,  in  1772. 

§ 417.  But  what  is  the  substance  which  has  entered  into 
combination  with  the  phosphorus,  and  which  constituted  a 
portion  of  the  original  air  under  examination  ? To  enable  us 
to  answer  this  question,  we  must  change  our  agent ; for  the 
attraction  of  the  phosphorus  is  so  strong  as  to  render  it  very 
difficult  to  detach  it  from  the  new  compound.  Many  other 
substances  are  capable  of  effecting  the  separation  of  the  air; 
some  with  the  evolution  of  light  and  heat,  others  with  less 
energetic  action.  Thus,  if  an  amalgam,  or  solution,  of  lead  in 
mercury  be  agitated  with  a portion  of  atmospheric  air  for  some 
time,  exactly  the  same  proportion  of  the  mixture  ^vill  be  absorbed 
as  in  the  case  of  the  combustion  of  the  phosphorus,  and  the 
residual  azote  will  be  very  pure.  If  a portion  of  mercury  again 
be  heated  to  nearly  its  boiling-point  in  air,  chemical  combina- 
tion will  take  place  between  it  and  the  same  proportion,  and 
the  mercury  will  lose  its  metallic  character,  and  will  be  con- 
verted into  a brilhant,  red,  crystalline  substance,  increasing  its 
weight  eight  per  cent. 

If  some  of  this  red  compound  be  placed  in  a small  retort, 
the  beak  of  which  is  dipped  under  the  edge  of  a bell  glass, 
filled  with  water,  and  standing  upon  the  shelf  of  a pneumatic 
trough,  and  it  be  then  exposed  to  a low  red  heat,  it  will  be 
decomposed;  gaseous  matter  will  rise  into  the  glass  and  displace 


OXYGEN  GAS. 


311 


the  water,  and  drops  of  metallic  mercury  will  be  condensed  in 
the  neck  of  the  apparatus.  One  hundred  and  eight  parts  by 
weight  uull  yield  eight  parts  of  the  air ; which  is  the  same  as  it 
had  abstracted  from  the  atmosphere  in  the  previous  process,  at 
a somewhat  lower  degree  of  temperature. 

Like  the  azote  it  is  colourless  and  inodorous,  and  possesses 
all  the  mechanical  properties  of  common  air.  Its  specific 
gravity,  however,  is  higher;  100  cubic  inches  weighing  34.25 
grains.  If  we  examine  it  by  means  of  combustible  bodies,  we 
shall  find  that  it  supports  combustion  with  much  greater  energy 
than  common  air.  The  flame  of  a taper  becomes  much  larger 
and  more  brilliant  when  burning  in  it ; and  when  blown  out,  if 
the  smallest  spark  remain  upon  the  wick,  it  wiU  burst  into 
flame  upon  being  immersed  into  it.  Phosphorus  burns  in  it 
with  a brilliancy  which  is  quite  intolerable  to  the  eye,  and 
forms  the  same  snow-white  compound  which  is  produced  by  its 
less-vivid  combustion  in  common  air.  Ignited  charcoal  also 
produces  most  brilliant  scintillations  when  introduced  into  it; 
and  if  we  attach  a morsel  of  glowing  tinder  to  the  end  of  a 
bunch  of  twisted  iron  wire,  and  plunge  it  into  a jar  of  the  gas, 
the  metal  will  combine  with  it,  and  present  a most  striking  and 
beautiful  display  of  fire.  Other  metals,  such  as  potassium  and 
zinc,  when  previously  heated,  also  enter  into  combination  with 
the  gas,  with  a copious  disengagement  of  light  and  heat. 

It  will  support  animal  life ; and  animals  confined  in  it  wiU 
live  longer  than  in  an  equal  bulk  of  common  air.  Hence  it  has 
been  called  vital  air ; and,  for  reasons  which  will  be  hereafter 
explained,  oxygen  gas.  This  is  another  of  those  substances 
which  resist  the  divellent  force  of  affinity,  and  which  the 
chemist,  therefore,  regards  as  elementary.  It  was  discovered 
by  Dr.  Priestley,  in  the  year  1774,  who  obtained  it  from  the  red 
compound  of  mercury,  which  we  have  described,  and  which 
went  by  the  name  of  precipitate  per  se. 

§ 418.  This  gas  may  be  obtained  from  many  other 
analogous  compounds,  such  as  red  lead ; but  a native  compound 
of  a peculiar  metal,  named  manganese,  with  oxygen,  is  chiefly 
employed  in  the  large  way  (102).  Certain  saline  bodies  also. 


(102)  The  apparatus  for  the  collection  of  oxygen  gas  from  per- 
oxide of  manganese  and  chlorate  of  potassa  is  subjoined,  a is  a 
water  bath,  upon  the  shelf  of  which'  stand  the  two  air  jars,  Ji  and  it. 
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as  nitre  and  chlorate  of  potassa,  hold  oxygen  loosely  eombined, 
and  yield  it  in  abundance  when  heated.  The  latter  salt  is 
chiefly  employed  when  it  is  required  to  be  perfectly  pure. 

§ 419.  The  influence  of  heat  in  these  operations  is  worthy 
of  remark.  In  most  instances  w’^e  find  that  a considerable  eleva- 
tion of  temperature,  in  some  even  to  incandescence,  is  necessary 
to  determine  the  combination  which  a further  increase  of  heat 
is  sufficient  to  decompose.  The  difference  arises  from  the 
unequal  exaltation  of  two  distinct  and  antagonist  forces.  It 
may  probably  be  laid  down  as  a general  proposition,  that  heat 
increases  the  energy  of  chemical  affinity ; but  it  also  increases 
the  elastic  force  of  gases.  Mercury  will  not  enter  into  combi- 
nation with  oxygen,  to  form  the  red  precipitate,  tiU  the  power 
of  attraction  between  the  two  bodies  is  called  into  action  by  a 
temperature  of  about  600°  Fahrenheit;  at  this  degree  the 
affinity  is  strong  enough  to  coerce  the  elasticity  of  the  gas,  and 
it  enters  into  the  constitution  of  the  new  solid.  An  augmenta- 
tion of  temperature  to  about  900°  Fahrenheit,  restores  the 
advantage  to  the  elastic  force,  and  the  gas  escapes  from  the 
coercion  of  its  affinity  for  the  metal. 

§ 420.  Let  us  now  examine  the  process  of  combustion 
a little  more  closely.  Common  observation  suggests  that  it  is 


c represents  an  iron  gun-barrel,  closed  at  the  bottom,  and  fitted  at 
the  top  with  a flexible  metallic  tube  to  pass  under  the  mouth  of  one 
of  the  jars.  The  oxide  of  manganese  is  placed  in  this  barrel,  and 
exposed  to  a red  heat. 
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D represents  a retort  of  green  glass,  in  which  the 
chlorate  of  potassa  is  placed,  and  the  heat  of  a spirit- 
lamp,  K,  is  sufficient  for  the  disengagement  of  the  oxygen 
from  the  salt. 
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nothing  but  a process  of  destruction ; to  ordinary  eyes  the  com- 
bustible seems  to  vanish,  and  nothing  to  remain  but  an  ineon- 
siderable  quantity  of  what  are  ealled  ashes,  which  are  the  usual 
residue  of  burning  bodies.  Annihilation  enters  into  the  common 
idea  of  combustion ; and  to  say  that  a body  is  burnt,  is  generally 
a full,  satisfactory,  and  sufficient  account  of  its  disposal.  But 
such  destruction  is  unknown  in  the  economy  of  nature ; and  we 
have  no  reason  to  suppose  that  since  the  fiat  of  the  Creator 
went  forth,  a particle  of  matter  has  ever  eeased  to  be.  Com- 
bustion, in  the  largest  and  most  scientific  meaning  of  the  term, 
is  the  combination  of  any  two  dissimilar  bodies  with  the  extrica- 
tion of  light  and  heat ; and  the  produets  of  combustion  invarialjly 
contain  as  much  ponderable  matter  as  the  two  active  substanees. 
The  new  forms  of  matter  produced  often  assume  the  aeriform 
condition,  and  pass  off  in  an  invisible  state,  and  therefore 
escape  common  observation  ; but  when  collected,  nothing  of  the 
original  weight  will  be  found  wanting. 

Hence  we  conclude  that^re  eannot  be  an  element,  or  one  of 
the  simple  forms  of  ponderable  substances. 

The  term  combustion  is  ordinarily  restricted  to  the  eombi- 
nation  of  substances  with  oxygen:  and  bodies  are  denominated 
combvstibles  which  are  capable  of  uniting  with  the  oxygen . of 
the  atmosphere,  with  the  evolution  of  light  and  heat. 

§ 421.  The  products  of  combustion  in  oxygen,  or  the 
compounds  of  oxygen,  constitute  three  great  classes  of  acids, 
alkalies,  and  neutral  bases,  which  it  is  important  to  distinguish ; 
and  which  may  be  illustrated  by  the  results  of  the  experiments 
which  we  have  already  described. 

The  snow-white  compound  of  phosphorus  is  soluble  in  water, 
intensely  sour,  and  changes  the  colour  of  blue  vegetables  to  red: 
characters  which  distinguish  the  class  of  acids.  It  was  formerly 
supposed,  from  a too-hasty  generalization  of  facts,  that  oxygen 
entered  into  the  constitution  of  all  acids;  that  it  was,  in  short, 
the  principle  of  acidification;  and  hence,  Lavoisier,  the  pro- 
pounder of  the  hypothesis,  conferred  upon  it  its  name,  which 
signifies  the  generator  of  acids.  The  error  has  been  corrected, 
but  the  name  retained. 

The  compound  of  the  metal  potassium  and  oxygen  is  also 
soluble  in  water,  possesses  a hot,  acrid,  bitter,  soapy  taste,  and 
changes  the  colour  of  blue  vegetables  to  green,  and  yellow  to 
brown.  These  are  the  characters  of  the  class  of  alkalies. 
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Acids  and  alkalies  are  also  reciprocally  characterized  by 
entering  into  secondary  combination  with  each  other  by  which 
their  more  active  properties  are  neutralized.  If  a solution  of  an 
acid  in  water,  which  has  been  reddened  with  some  vegetable 
blue  colouring  matter,  be  carefully  poured  into  a solution  of  an 
alkali  rendered  green  by  the  same  colour,  at  a particular  point 
the  mixture  will  have  its  blue  colour  restored,  when  it  will  be 
found  to  be  neither  acid  nor  alkaline  to  the  taste,  and  if  the 
water  be  evaporated,  a solid  mass  will  be  obtained,  possessing  a 
cooling  saline  taste,  and  presenting  a species  of  matter  utterly 
differing  from  its  two  more  active  ingredients. 

The  product  of  the  combustion  of  iron  is  of  a friable  texture, 
insoluble  in  water,  tasteless,  and  without  action  upon  vegetable 
colours.  Tliese  negative  characters  distinguish  the  class  of 
neutral  bases;  which,  however,  are  mostly  capable,  like  the 
alkalies,  of  neutralizing  and  entering  into  combination  with 
acids,  and  forming  salts  with  them. 

§ 422.  The  process  of  pulling  a substance  to  pieces,  of 
unloosing  the  connexion  of  its  constituent  parts,  in  order  to 
examine  it  piecemeal,  as  we  have  performed  it  upon  atmospheric 
air,  is  called  analysis.  The  process  oi  putting  together  again  the 
same  ingredients,  so  as  to  reproduce  the  body  analyzed,  is  called 
synthesis;  and  when  one  of  these  processes  confirms  the  other, 
the  proof  of  the  constitution  of  the  body  is  the  completest 
which  chemistry  can  afford,  and  wants  nothing  of  the  certainty 
of  mathematical  demonstration.  The  science,  however,  is  very 
far  from  having  attained  to  this  degree  of  perfection,  in  many 
cases  where  it  would  be  most  desirable. 

§ 423.  If  we  add  one  measure  of  oxygen  gas  to  four 
equal  measures  of  nitrogen,  we  shall  obtain  a mixture  capable 
of  supporting  combustion,  and  maintaining  animal  life  in  the 
same  perfect  manner  as  atmospheric  air.  The  xmion  of  the 
two  is  effected,  not  by  the  force  of  chemical  affinity,  but  by  that 
of  heterogeneous  adhesion,  concurring  with  the  elasticity  and 
self-repulsion  of  the  homogeneous  particles.  We  have  seen 
that  there  is  no  limit  to  such  combinations  (§  98),  and  therefore 
the  invariable  uniformity  of  the  atmospheric  mixture  is  one  of 
the  most  astonishing  facts  with  which  chemistry  has  made  us 
acquainted. 

Air  has  been  examined,  as  has  been  already  stated,  (§  101,) 
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by  the  most  expert  analysts,  from  the  most  dissimilar  situations 
which  it  has  been  possible  to  select,  and  no  variation  has  been 
found  in  the  proportions  of  its  fundamental  ingredients.  When 
we  consider  the  processes  of  deterioration  and  change  which  are 
always  going  on  within  it,  its  perpetual  consumption  and 
renewal  forms  one  of  the  greatest  wonders,  where  all,  indeed,  is 
admirable.  All  the  most  active  properties  of  the  atmosphere 
are  referrible  to  the  oxygen  which  it  contains,  and  are  those  of 
that  body  diluted.  Without  oxygen  no  animal  could  live;  in 
piu-e  oxygen  they  would  live,  if  the  expression  may  be  allowed, 
too  rapidly:  just  as  a candle  would  burn  too  rapidly;  and  as 
every  case  of  combustion  would  be  one  of  conflagration,  all  the 
vital  functions  would  be  increased  to  a morbid  excess,  and  fever 
and  death  would  ensue. 

§ 424.  Had  it  been  ordained  that  the  union  of  oxygen 
and  nitrogen  in  the  atmosphere  should  depend  upon  the  higher 
attraction  of  chemical  affinity,  it  is  easy  to  perceive  that  the 
present  beneficial  results  could  not  have  ensued.  The  divellent 
force  must  have  been  proportionately  increased,  and  the  tranquil 
process  of  breathing  must  have  been  changed  for  one  of  vio- 
lence and  strong  exertion.  The  new  and  noxious  products  of 
the  fixed  combinations  of  the  elements  would  have  accumulated 
around  the  spots  frequented  by  animals,  instead  of  being  endued, 
as  it  were,  with  a power  of  locomotion,  and  diffused  with 
rapidity  throughout  the  general  mass,  and  replaced  by  fresh 
vital  air,  according  to  the  laws  which  we  formerly  examined 
(§  100). 

§ 425.  But  we  must  not  yet  part  from  this  wonderfully- 
constituted  fluid : our  process  of  analysis  is  not  complete,  and 
our  synthesis  has  produced  an  atmosphere,  indeed,  which  would 
answer  the  purposes  of  animal  respiration,  but  vegetables  would 
not  thrive  under  its  influence.  Vegetable  respiration  could  not 
be  maintained  by  it.  We  must  seek  further  for  some  principle 
which  has  yet  escaped  our  detection. 

Common  experience  has  made  most  persons  acquainted  with 
lime:  it  is  an  alkaline  substance,  and  partially  soluble  in  water. 
Its  solution  is  colourless,  transparent,  possesses  a hot,  bitter 
taste,  and  turns  the  yellow  colour  of  turmeric  brown.  When 
this  solution  is  exposed  to  the  air,  it  slowly  becomes  turbid;  its 
alkaline  properties  are  neutralized,  and  it  deposits  a white 
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powder.  Reasoning  from  the  analogy  of  what  we  already  know 
of  alkaline  and  acid  bodies,  we  are  led  at  once  to  suppose,  that 
the  lime  in  this  process  has  abstracted  something  from  the 
atmosphere  of  an  acid  nature ; and  that  the  white  powder  is  the 
product  of  the  combination.  If  we  collect  a sufficient  quantity, 
and  place  it  in  a platinum  tube  closed  at  one  end,  and  bent  into 
the  form  of  a retort,  and  apply  a strong  heat,  we  may  collect  a 
quantity  of  gaseous  matter  from  it  over  mercury,  and  alkaUne 
lime  will  remain  in  the  tube.  Or,  instead  of  decomposing  the 
compound  by  heat,  we  may  effect  its  decomposition  by  elective 
affinity ; and  upon  the  supposition  of  its  containing  an  acid,  the 
addition  of  a stronger  acid  will  occasion  an  effervescence,  the 
product  of  which  may  be  collected. 

§ 426.  Now,  what  is  this  gaseous  matter  which  we  have 
again  abstracted  from  the  atmosphere  ? and  does  it  differ  from 
those  already  obtained  ? If  we  examine  it,  like  the  others,  we 
shall  find  that  it  wiU  not  support  the  combustion  of  a taper,  or 
of  phosphorus,  and  that  it  is  instantly  destructive  of  animal  life. 
That  it  is  not,  however,  azote,  is  proved  by  its  high  specific 
gravity;  for  100  cubic  inches  will  weigh  about  47.82  grains: 
and  it  may  be  poured  like  water  from  one  vessel  into  another, 
in  which  it  will  displace  the  common  air  by  its  density.  It, 
moreover,  neutralizes  the  alkaline  properties  of  lime,  reddens 
the  blue  colour  of  litmus,  and  renders  Hme-water  instantly 
turbid. 

It  is  also  soluble  in  water,  which  wiU  take  up  its  own  volume 
of  the  gas,  whatever  may  be  the  pressure  under  which  they  are 
brought  together.  Thus  a grateful  effervescing  beverage  is  now 
commonly  foi'med  by  condensing  carbonic  acid  into  water  by 
means  of  a forcing  pump.  When  the  pressme  is  relieved  the 
gas  only  gradually  makes  its  escape. 

§ 427.  The  next  question  is,  can  this  gas  be  resolved 
into  any  simpler  form  of  matter  ? To  ascertain  this,  we  must 
try  the  action  of  energetic  substances,  amongst  which  potassium 
ranks  very  high.  If  we  heat  a clean  piece  of  this  metal,  and 
introduce  it  into  a jar  of  the  gas,  we  shall  find  that  it  will  burn 
in  it,  and  at  the  same  time  become  eovered  with  a black  matter, 
which  a close  examination  will  prove  to  be  charcoal.  The  pro- 
duct of  the  combustion  Mull  be  the  same  alkaline  substance 
which  was  produced  by  the  action  of  the  same  metal  ujion 
oxygen,  or  atmospheric  air. 
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From  the  results  of  these  analytical  experiments,  we  con- 
clude that,  in  addition  to  nitrogen  and  oxygen,  atmospheric  air 
contains  a small  portion  of  a third  gaseous  body,  which  is  a 
compound  of  charcoal  and  oxygen : and  we  may  confirm  our 
conclusion  by  synthesis ; for  if  we  examine  the  product  of  the 
combustion  of  charcoal  in  oxygen,  we  shall  find  it  to  be  a 
colourless  gas  which  neutralizes  hme-water,  and  produces  a 
precipitate  which  dissolves  with  effervescence  in  vinegar,  or  any 
other  acid. 

This  compound  was  discovered  by  Dr.  Black,  in  l757j  who 
called  \t  fixed  air,  from  its  being  fixed  in  limestone  from  which 
he  first  obtained  it.  It  has  since  been  called  carbonic  acid, 
from  the  Latin  name  for  charcoal.  Its  remarkable  physical 
properties,  both  in  the  liquid  and  solid  state,  we  have  already 
examined  (§205). 

§ 428.  Charcoal,  or  carbon,  ranks  amongst  the  unde- 
compounded bodies.  Although  but  rarely  met  with  pure  and 
uncombined,  its  various  compounds  are  more  generally  and 
abundantly  distributed  than  those  of  any  other  substance,  and 
it  may  be  said  to  form  the  basis  of  the  whole  organic  creation. 
In  its  pure,  crystalline  state,  its  cohesion  is  very  great,  and  it 
constitutes  the  hardest  substance  in  nature,  the  diamond.  This 
valuable  gem  is  chiefly  found  in  the  province  of  Golconda,  in 
India,  and  in  Brazil.  It  occurs  in  alluvial  soils,  and  is  generally 
perfectly  transparent,  but  sometimes  coloured  with  different 
shades  of  pink,  bine  and  black.  It  crystallizes  in  the  form  of 
the  regular  octohedron,  and  other  forms  of  the  tessular  system. 
Its  specific  gravity  is  3.5.  Carbon  exists  in  various  gradations 
between  this  state  and  that  of  a soft,  disintegrated,  black 
powder,  which  adheres  to  and  stains  the  fingers.  It  exem- 
phfies  the  opposition  which  the  force  of  cohesion  is  capable  of 
offering  to  chemical  affinity;  for  in  its  disintegrated  state  it 
readily  kindles  and  burns  in  oxygen,  and  is  commonly  employed 
as  tinder  for  catching  a light  from  ignited  particles  of  steel; 
whereas,  in  the  state  of  diamond,  it  requires,  to  ignite  it  and 
sufficiently  to  exalt  its  affinity  to  enable  it  to  burn,  the  temjie- 
rature  of  melting  silver. 

The  use  of  charcoal,  as  a fuel,  is  well  known.  For  this  pur- 
pose it  is  prepared  by  forming  billets  of  wood  into  conical  piles, 
which,  being  covered  with  earth,  are  ignited  and  suffered  to 
burn  with  a regulated  access  of  air,  by  which  the  more  volatile 
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ingredients  are  burnt  and  driven  off,  whilst  the  solid  charcoal 
remains.  For  nicer  purposes  of  the  arts,  it  is  procured  hy  sub- 
mitting the  wood  to  a red  heat  in  a distillatory  apparatus  con- 
sisting of  iron  cylinders,  from  which  the  gaseous  or  volatile 
matters  are  allowed  to  escape  through  properly-arranged  tubes. 

Charcoal  is  a black,  inodorous,  insipid,  brittle  substance, 
and,  as  we  have  already  seen,  an  excellent  conductor  of  electri- 
city. It  undergoes  no  change  from  the  combined  action  of  air 
and  moisture  at  common  temperature,  but  is  readily  combustible 
in  oxygen  gas. 

§ 429.  Carbonic  acid  is  produced  by  the  respiration  of 
animals,  as  may  be  proved  by  passing  the  air  from  the  lungs 
through  lime-water,  which  will  be  instantly  precipitated  by  it; 
and  by  the  extinction  of  a taper  in  a jar  of  air  which  has  been 
breathed  two  or  three  times  through  a tube  properly  disposed 
for  the  purpose. 

Vegetables,  on  the  other  hand,  in  full  vigour,  decompose 
the  compound,  absorb  the  charcoal,  and  disengage  the  oxygen; 
and  a sprig  or  two  of  fresh  mint,  in  day-light,  will  perfectly 
restore  air  which  has  been  contaminated  by  animal  respiration. 
We  here  have  indicated  to  us  a part,  at  least,  of  the  compen- 
sating means  by  which  the  atmosphere  is  kept  in  a perfect  state 
of  adaptation  to  its  beneficial  purposes. 

§ 430.  There  is  yet  another  constituent  of  the  atmosphere 
which  is  always  present  in  variable  proportions,  and  that  is 
water  in  the  state  of  vapour;  and  it  may  always  be  rendered 
visible,  and  its  quantity  estimated,  by  the  refrigeration  of  a cold 
body,  as  we  have  already  pointed  out  (§  197).  This  ingredient 
of  the  mixture  is  alike  beneficial  to  animal  and  vegetable  life, 
and  without  it  the  surface  of  the  earth  would  present  nothing 
but  the  sterile  aridity  of  a desert. 

Both  the  carbonic  acid  and  the  vapour  are  variable  ingre- 
dients, but  the  average  quantities  of  each,  in  1000  parts,  may  be 
approximatively  stated  as  follows: — 


Azote  ....  788 

Ox}'gen  . . 197 

Steam  . . . .14 

Carbonic  acid  . . 1 


1000 


WATER. 
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§ 431.  Thus,  then,  we  have  demolished  the  pretensions 
of  our  first  classical  element,  air,  to  rank  amongst  the  “first 
or  constituent  principles  of  things,”  and  have  established  three 
chemical  elements  in  its  stead;  namely,  azote,  oxygen,  and 
carbon.  The  two  first  have  never  yet  had  their  particles 
brought  within  the  verge  of  cohesive  attraction,  and  have 
resisted  all  attempts  to  liquefy  them;  while  the  utmost  powers 
of  heat  have  been  applied  in  vain  to  destroy  the  cohesion  of  the 
last,  or  to  bring  it  into  the  state  of  vapour. 

Amongst  the  ingredients  of  the  atmosphere,  we  have  also 
found  a second  classical  element,  water,  into  the  pretensions 
of  which  to  the  elementary  character  we  must  next  proceed  to 
inquire. 

§ 432.  We  must  attempt  its  analysis  by  the  means  which 
we  have  already  applied  successfully  in  similar  cases.  If  we 
throw  a piece  of  the  metal  potassium  upon  water,  it  will  float 
upon  it:  intense  action  will  take  place;  a flame  wiU  burst  forth 
from  the  point  of  contact,  and  the  metal  will  disappear.  After 
this  operation  we  shall  find  that  the  water  has  become  strongly 
alkaline,  and  upt>n  evaporation  we  shall  obtain  a white  solid, 
exactly  similar  to  that  which  was  obtained  by  burning  potassium 
in  common  air  or  oxygen.  We  infer,  then,  that  the  metal  has 
taken  oxygen  from  the  water,  and  that  the  compound  has  been 
dissolved  as  it  was  formed.  But  if  so,  what  is  the  substance 
with  which  the  oxygen  was  combined?  To  determine  this,  we 
must  operate  more  carefully,  that  nothing  may  escape  in  the 
elastic  form;  and,  as  the  action  is  violent,  we  must  proceed 
with  caution.  For  this  purpose  we  may  fill  a strong  narrow 
glass  jar  with  water,  and  invert  it  upon  the  water-trough,  and 
wrapping  a piece  of  potassium  closely  in  paper,  or  placing  it  in 
a small  glass  tube  closed  at  one  end  and  carefully  covering  it 
with  fine  sand,  slip  it  dexterously  under  the  edge  of  the  jar. 
The  metal  is  momentarily  protected  from  the  water,  which, 
however,  soon  reaches  it;  a smart  concussion  takes  place,  and  a 
quantity  of  gaseous  matter  rises  to  the  top  of  the  jar.  Ujion 
reversing  the  jar,  and  presenting  a lighted  taper  to  the  gas,  we 
shall  find  that  it  will  burn  with  flame;  that  is,  that  it  will  enter 
into  combination  with  the  oxygen  of  the  air,  with  the  extri- 
cation of  light  and  heat. 

§ 433.  This  decomposition  of  water  may  be  accomplished 
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by  less  costly  means  than  potassium,  making  use  of  the  elective 
affinity  of  more  common  metals  for  oxygen. 

Iron  may  be  employed  for  the  purpose;  hut  it  mil  he 
necessary  to  exalt  its  affinity  by  heat.  For  this  purpose,  turn- 
ings of  iron  may  be  put  into  a gun-barrel  placed  across  a furnace, 
one  end  of  which  is  connected  with  a small  water-boiler,  and 
the  other  with  a bent  tube  passing  under  the  edge  of  a jar  upon 
the  pneumatic  trough.  Upon  heating  the  iron  to  redness,  and 
allowing  the  steam  of  boiling  water  to  pass  over  it,  abundance 
of  inflammable  air  may  be  collected;  and  the  same  compound 
which  is  formed  by  the  combustion  of  iron  wire  in  oxygen  may 
be  extracted  from  the  barrel  (103). 

§ 434.  The  affinity  of  zinc  may  also  be  had  recourse  to, 
and  that  at  ordinary  temperatures.  But  for  this  purpose  it  is 
necessary  to  remove  the  compound  of  the  zinc  and  oxygen  as  it 
forms,  which  would  otherwise  incrust  the  surface,  and  put  an 
end  to  the  process.  This  oxide  is  not  soluble  in  water,  like 
the  similar  compound  of  potassium;  but  by  the  addition  of  a 
little  sulphuric  acid,  or  oil  of  vitriol,  it  will  form  a secondary 
compound,  which  will  instantly  be  dissolved.  'Large  quantities 
of  inflammable  air  may  thus  be  readily  and  economically 
procured. 

The  compound  of  oxygen  and  zinc,  again,  may  be  separated 


(103)  a represents  a glass  retort  containing  a little  water,  which 
may  be  raised  in  steam  by  the  application  of  a lamp.  The  steam  then 
traverses  the  tube,  c c,  in  which  is  placed  some  iron  wire  heated  to 
redness  by  the  fmnace,  h h.  The  iron  combines  with  the  oxygen  of 
the  water,  and  the  inflammable  gas  passes  into  the  worm,  d d,  which 
is  kept  cool  by  the  water  in  the  tub.  Here  any  uncombined  steam, 
with  which  it  may  be  mixed,  is  condensed,  and  the  water  drops  into 
the  vessel,  c,  placed  for  its  reception.  The  gas  ultimately  passes  out 
of  the  pipCj^i  and  may  be  burned  or  collected  in  the  usual  way. 
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from  the  acid  by  elective  affinity;  for  the  addition  of  some  of 
the  alkaline  solution  of  the  compound  of  potassium  and  oxygen 
will  abstract  the  acid  and  precipitate  the  oxide  (104). 

435.  The  inflammable  air,  which  has  been  named 
hydrogen  because  it  enters  into  the  constitution  of  water,  burns, 
as  we  have  seen,  in  common  air,  but  extinguishes  flame,  as  may 
be  ascertained  by  plunging  a lighted  taper  into  it.  When  a 
mixture  is  made  of  two  parts  of  common  air  and  one  of  hydro- 
gen, or  of  two  parts  of  hydrogen  with  one  of  oxygen,  the  com- 
bination, which  proceeds  silently  when  a moderate  jet  of  the 
inflamed  gas  issues  quietly  into  the  atmosphere,  takes  place  at 
once  throughout  the  mass  with  a strong  detonation,  owing  to 
the  mutual  percussion  of  the  particles  of  the  highly-expanded 
air  returning  into  the  vacuum  which  is  produced.  When  the 
mixture  is  merely  confined  by  a film  of  water  in  a soap-bubble, 
the  explosion  is  sharp  and  deafening  (§  8). 

§ 436.  If  a current  of  hydrogen  be  inflamed  when  issuing 
from  a small  aperture,  and  a tube  to  be  held  over  the  flame,  a 
musical  tone  will  be  produced,  varying  in  its  pitch  with  the 
length  of  the  tube.  These  sounds  depend  upon  a series  of 
little  explosions  which  succeed  one  another  with  sufficient 
regularity  and  rapidity  to  produce  a continuous  sound  (§  52) 
By  the  strong  draught  which  takes  place  through  the  axis  ot 


(104)  This  figure  represents  a convenient  apparatus  for  the  gene- 
ration of  hydrogen  gas  in  small  quantities  from  zinc,  a is  a funnel- 
shaped  glass  vessel,  the  lower  extremity  of  which 
dips  into  the  dilute  sulphuric  acid  contained  in 
the  bottle,  b.  A bent  tube  proceeds  from  the 
upper  end  of  the  bottle,  which  is  furnished  with 
a stop-cock  at  d,  and  terminates  in  a narrow  jet. 

From  the  aperture  c,  which  may  he  closed  with 
a ground  stopper,  a piece  of  zinc  is  suspended 
in  the  acid,  and  the  hydrogen  which  is  disen- 
gaged rises  to  the  top  of  the  bottle,  and  forces 
the  liquid  into  the  \ipper  vessel,  the  pressure  of 
which  will  drive  the  inflammable  gas  through 
the  pipe  d,  whenever  the  stop-cock  is  opened. 

As  the  gas  passes  out,  the  liquid  will  descend 
again  into  the  bottle,  and  renew  the  disengage- 
ment of  the  gas;  and  the  process  will  go  on  till 
the  acid  becomes  saturated  with  tlic  oxide  of  zinc. 
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the  tube,  the  air  and  the  hydrogen  are  made  to  form  portions 
of  explosive  mixtures,  v’^hich  are  fired  by  the  contiguous  burn- 
ing parts.  Sometimes  the  draught  becomes  so  strong  as  to 
blow  out  the  flame. 

§ 437.  We  are  so  habituated  to  speak  of  the  process  of 
combustion,  with  reference  to  our  atmosphere,  and  to  name 
bodies  combustible  which  enter  into  combination  with  its 
oxygen,  that  a prejudice  is  likely  to  arise  from  it  with  regard 
to  the  classification  of  objects.  We  constantly  see  a stream  of 
hydrogen  burning  in  common  air,  and  we  call  the  first  a com- 
bustible; and  the  second,  a supporter  of  combustion;  but  by 
throwing  a jet  of  oxygen  into  an  atmosphere  of  hydrogen  con- 
tained in  a large  bell-jar,  through  an  aperture  at  its  upper  end, 
when  the  latter  is  burning,  the  flame  will  be  carried  down  into 
the  body  of  the  jar,  and  the  oxygen  will  continue  to  burn  in  the 
hydrogen  as  it  issues  from  the  jet.  In  this  case  the  oxygen  may 
be  said  to  be  the  combustible,  and  the  hydrogen  the  supporter. 
The  simple  statement  of  the  fact  in  both  cases  is,  that  oxygen 
and  hydrogen  combine  together,  and  combustion — that  is,  the 
disengagement  of  light  and  heat — is  the  consequence. 

§ 438.  Hydrogen  gas  is  speedily  fatal  to  animal  life  when 
taken  pure  into  the  lungs,  but  may  be  respired  when  mixed 
with  common  air,  without  much  injury:  it  is  the  lightest  form 
of  ponderable  matter,  and  100  cubic  inches  only  weigh  2.15 
grains.  Hence  its  application  to  aerostation.  A thin  bladder, 
or  soap-bubble,  filled  with  it  rises  in  the  air  with  rapidity,  for 
the  same  reason  that  a cork  rises  through  water.  A balloon 
formed  of  a sphere  of  ten  feet  diameter  would  contain  about 
32^  lbs.  of  atmospheric  air,  but  the  same  bulk  of  hydrogen  would 
only  weigh  two  pounds;  hence,  with  an  ascensional  force  of  two 
pounds  and  a half,  it  would  rise  in  the  air  with  a weight  of 
twenty-eight  pounds  attached  to  it.  Its  levity  may  also  be 
shewn  by  reversing  the  process  by  which  we  proved  the  great 
weight  of  carbonic  acid  (§  426)  viz.,  by  displacing  the  common 
air  from  an  inverted  jar  by  upward  decantation. 

Hydrogen  must  be  deemed  an  element,  because  it  has  resisted 
all  attempts  to  decompose  it:  no  degree  of  cold  or  pressure 
has  yet  been  found  sufficient  to  reduce  it  to  the  liquid  state. 
Its  combustibility  was  known  in  the  beginning  of  the  eighteenth 
century,  when  it  was  often  exhibited  as  a curiosity;  but  its 
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nature  and  properties  were  first  properly  investigated  by  Mr, 
Cavendish,  in  1776. 

§ 439.  Synthesis  mil  confirm  this  analysis  of  water;  for 
if  we  carefully  collect  the  product  of  the  combustion  of  hydrogen 
and  oxygen  gases,  we  shall  find  the  water  in  weight  exactly 
equal  to  that  of  the  gases  consumed.  The  experiment  requires 
some  caution,  on  account  of  the  violence  of  the  action,  but  may 
be  easily  performed  in  the  following  manner. — Provide  a very 
strong  glass  tube,  closed  at  one  end,  and  fitted  at  the  other  with 
a brass  cap  and  stop-cock,  strongly  fixed  with  cement  (105);  two 
small  holes  must  be  drilled  in  the  upper  part  of  this  tube,  into 
into  which  two  wires  must  be  cemented,  the  points  of  which 
nearly  touch  on  the  inside.  Let  a mixture  of  very  pure  oxygen 
and  hydrogen  gases  be  very  accurately  made,  in  the  proportion 
of  one  volume  of  the  former  to  the  two  of  the  latter,  in  a jar  fitted 
with  a stop-cock,  to  which  the  cock  of  the  tube  may  be  screwed ; 
extract  the  air  from  the  tube,  by  means  of  the  air-pump;  fill  it 
with  the  mixture,  and  again  exhaust  it;  and  once  more  fill  it 
mth  the  mixture,  and  carefully  close  the  stop- 
cock; pass  an  electric  spark  between  'the  wires, 
and  the  gases  in  the  tube  will  explode  with  a 
bright  flash,  but  silently,  on  account  of  the 
connexion  with  the  surrounding  air  being  eut 
off.  Allow  the  tube  to  cool,  and,  upon  opening 
the  cocks,  a fresh  portion  of  the  gases  will  rush 
in  which  will  be  equal  to  the  first  quantity,  pro- 
vided the  mixture  has  been  accurately  made, 
and  the  common  air  perfectly  extracted.  This 


(105)  A is  a strong  glass  vessel,  fitted  with  a glass 
cock  E,  accurately  ground.  At  the  upper  end  it  is 
provided  with  a glass  stopper,  firmly  screwed  down, 
and  secured  by  the  brass  collar  and  screws,  c.  Two 
platinum  wires  n n pass  through  this  glass  cock, 
and  approach  one  another  in  the  interior,  without 
touching.  This  vessel  may  be  exhausted  by  the  air- 
pump,  and  screwed  upon  the  bell-glass,  b,  filled  with 
the  proper  mixture  of  oxygen  and  hydrogen.  AVhen 
the  cocks,  e e,  are  opened,  tlie  air  in  the  jar  will,  of 
course,  rush  into  the  vacuum  in  A,  and  then,  after 
carefully  closing  the  stop-cocks,  an  electrical  spark 
may  be  passed  between  the  wires,  and  the  gases 
w ill  combine  with  a vivid  flash  of  light. 
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portion  again  may  be  detonated,  and  the  process  continued  till 
a strong  dew  forms  upon  the  glass,  and  runs  down  in  drops  of 
liquid,  which,  upon  examination,  will  prove  to  be  pure  water. 
The  products  of  the  combustion  of  hydrogen  in  atmospheric 
air  may  also  be  collected  in  large  quantities  by  a proper 
refrigerator. 

§ 440.  We  have  already  adverted  to  the  great  heat  which 
is  generated  by  the  combustion  of  oxygen  and  hydrogen;  it  is 
the  most  intense  which  art  can  produce.  If  a compound  jet  be 
constructed  of  two  concentric  tubes,  and  the  outer  one  be  con- 
nected with  a reservoir  of  hydrogen,  and  the  current  inflamed, 
and  a stream  of  oxygen  be  thrown  into  the  flame,  by  means  of 
the  interior  tube  connected  with  a reservoir  of  oxygen,  the  heat 
may  be  conveniently  applied  to  the  fusion  of  the  most  refractory 
substances;  and  there  is,  probably,  nothing  which  can  completely 
resist  its  power. 

§ 441.  Such  are  the  experiments  by  which  the  opinion 
of  the  ancients  was  upset,  that  water  is  one  of  the  four  elements 
of  the  material  world,  an  opinion  which  remained  unquestioned 
from  the  time  of  Aristotle  to  that  of  Cavendish. 

§ 442.  It  is  curious  to  remark,  that  although  air  and 
water  are  not  elementary  forms  of  matter,  according  to  the  guess 
of  the  ancient  Greek  philosophers,  the  four  simple  substances 
of  which  they  are  composed  form  alone,  by  their  diflFerent 
combinations,  the  structure  of  all  the  most  important  and 
familiar  substances  which  minister  to  our  necessities. 

They  constitute  some  of  the  most  powei-ful  acids  and 
alkalies,  and  many  of  our  most  useful  salts. — All  the  varieties  of 
flame,  and  the  means  of  artificial  illumination, — all  the  forms  of 
fuel,  wood,  coal,  oil,  &c., — many  of  our  most  useful  medicines, 
as  well  as  some  of  the  most  deadly  poisons, — all  ovu*  articles  of 
vegetable  food, — flour,  starch,  sugar,  wine,  beer,  &c.,  and  of 
animal  food, — ^jelly,  meat,  oils,  fat,  &c.,  are  constructed  solely 
of  carbon,  oxygen,  hydrogen,  and  nitrogen.  They  form  the  basis, 
in  short,  of  the  whole  animal  and  vegetable  creation,  as  well  as 
of  a vast  variety  of  inorganic  substances;  and  the  atmosjihere 
in  which  they  are  all  included  ajipears  to  be  the  grand  store- 
house of  the  raw  materials  from  which  all  these  wonderful  and 
varied  products  are  derived,  and  to  which  they  all  return. 
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§ 443.  It  is,  however,  the  cheuiistry  of  nature  alone 
which  can  put  these  elements  together  in  their  more  compli- 
cated forms;  the  products  of  animal  and  vegetable  structure  defy, 
as  yet,  the  synthetic  powers  of  our  art.  We  can  form  many 
inorganic  compounds,  and  we  can  often  change  one  organic 
compound  into  another,  but  to  build  up  a particle  of  sugar,  or 
of  wood,  or  a piece  of  flesh,  simple  as  we  can  prove  their  com- 
position to  be  by  analysis,  is  beyond  our  power. 

The  examination  to  which  we  will  now  proceed  of  the  laws 
of  chemical  composition  and  decomposition  must  be  conducted 
with  the  strictest  reference  to  quantity,  determined  both  by 
weight  and  by  measure.  The  ultimate  aim  of  chemistry,  as  of 
all  other  branches  of  natural  philosophy,  is  to  ascertain  its 
quantities  with  precision,  and  bring  them  under  the  dominion 
of  the  mathematics.  It  is,  in  fact,  by  a species  of  Algebra, 
that  we  so  deal  with  known  quantities  as  to  extract  from 
them  the  value  of  unknown  quantities.  The  results  of  our 
analyses  lead  us  to  a kind  of  material  equations  which  are 
capable  of  expression  by  numbers  and  other  symbols. 

Every  advance  we  make  proves  more  and  more  conclusively, 
that  the  material  universe  is  constituted  by  measure  and  by 
weight;  and,  overwhelming  as  are  the  proofs  of  design  and 
wisdom  in  eveiy  department  of  nature,  the  absurdity  of  a 
fortuitous  concurrence  of  atoms  can  never  be  more  apparent 
than  in  contemplating,  as  we  are  now  about  to  do,  the  laws  of 
the  composition  of  matter. 


FUNDAMENTAL  LAWS  OF  COMPOSITION. 

§ 444.  The  limits  within  which  the  action  of  chemical 
affinity  is  restricted  are  much  narrower  than  those  of  the  mere 
force  of  adhesion,  and  both  the  primary  and  secondary  com- 
bination of  bodies  take  place  in  a few  definite,  fixed,  and  unal- 
terable proportions.  We  may  form  chemical  mixtures  of  two 
or  more  bodies  in  the  fluid  state,  in  every  conceivable  pro- 
portion; and  solutions  may  be  effected,  of  solids  and  gases  in 
liquids,  in  every  proportion  within  the  limits  of  saturation;  but 
the  compounds  of  any  two  chemical  elements,  or  any  two 
chemical  compounds,  are  very  few,  and  never  vary  in  their 
specific  proportions.  The  results  of  solution,  moreover,  alter 
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with  every  change  of  temperature,  but  the  results  of  composition 
are  wholly  unaffected  by  similar  variations. 

§ 445.  To  illustrate  this  by  familiar  instances;  let  us 
take  the  primary  combination  of  carbon  and  oxygen,  and  the 
secondary  combination  of  this  compound,  or  carbonic  acid,  with 
lime.  We  have  already  described  the  combustion  of  this  element 
in  oxygen  (§  427);  and  if  the  experiment  be  conducted  with  a 
due  regard  to  weight,  we  shall  find  that  27.27  parts  of  carbon, 
combined  with  72.73  parts  of  oxygen-gas,  to  form  100  of  carbonic 
acid;  and  this  would  be  the  same  whether  we  burned  charcoal 
or  the  diamond.  If,  on  the  other  hand,  we  were  to  analyze  100 
parts  of  carbonic  acid  we  should  find  the  same  proportions  of 
the  elements,  whether  we  extracted  the  compound  from  lime- 
stone, or  obtained  it  from  fermenting  liquids,  or  by  the  process 
of  respiration. 

§ 446.  Again : we  can  obtain  the  compound  of  carbonic 
acid  and  lime  by  the  direct  action  of  the  acid  and  base;  or  from 
the  rocky  strata  of  the  globe ; from  chalk,  or  secondary  hme- 
stone,  or  primary  marble : formations  which,  according  to  the 
speculations  of  geologists,  may  be  separated  from  one  another 
by  intervals  of  time  reckoned  by  myriads  of  ages.  We  can 
obtain  it  from  coral,  the  work  of  marine  zoophytes,  fossilized  by 
time  or  recently  deposited ; or  from  the  secretions  of  a fowl  of 
yesterday ; and  in  every  case,  various  as  must  have  been  its 
origin,  we  shall  find  that  100  parts  contain  precisely  44  parts  of 
carbonic  acid  and  56  parts  of  lime. 


§ 447.  We  may  satisfy  ourselves  that  the  same  law  of 
definite  proportions  (106)  is  maintained  in  the  combination  of 
oxygen  and  hydrogen,  which  constitutes  water;  and  as  the 


(106)  The  combinations  of  bodies  iii  definite  volumes  are  clearly 
represented  by  symbols  of  the  following  kind;  in  which  a standard 
volume  is  represented  by  a square,  and  a half  volume  by  a half  square. 


Hydrogen. 

Oxygen. 

50  cubic  inches. 
17.1a  grains. 

a.15  grains. 

Steam. 

100  cubic  iiicbtt. 
19*^7  grains. 


Tb  is  indicates  that  a volume  of  hydrogen  combines  with  half  a volume 
of  oxygen  to  form  one  volume  of  steam ; and  the  weight  of  100  cubic 
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elements  are  in  tlie  gaseous  state,  they  may  be  determined  by 
measure  as  well  as  by  weight.  We  have  already  seen  that  in 
the  i:>rocess  which  has  been  described  for  collecting  the  products 
of  the  detonation  of  these  two  gases,  it  is  necessary  that  they 
be  mixed  very  accurately,  in  the  proportion  of  two  of  hydrogen 
to  one  of  oxygen  (§  439).  In  these  proportions  they  enter  into 
combination,  and  in  no  other ; and  if  either  gas  were  in  excess, 
the  surplus  would  be  left  after  the  detonation,  and  would  very 
soon  accumulate,  and  prevent  fresh  portions  of  the  mixture 
entering  the  apparatus.  As  the  specific  gravity  of  each  gas  is 
fixed,  these  proportions  by  weight  are  equivalent  to  11.1  parts 
of  hydrogen  and  88.9  parts  of  oxygen  per  100.0. 

§ 448.  It  is  not  that  the  previous  mixing  of  the  gases  in 
these  proportions  has  any  influence  upon  the  result ; for  let  the 
mixture  be  made  in  any  proportions,  the  combination  will  take 
place  in  but  one.  The  proportion  of  either  may  be  so  great 
with  regard  to  the  other,  that  detonation  will  not  take  place ; 
thus,  1 measure  of  hydrogen  may  be  mixed  with  100  of  oxygen, 
and  no  general  combustion  will  ensue  upon  the  passage  of  an 
electric  spark;  but  upon  continuing  the  electric  discharge  through 
the  mixture,  combination  will  slowly  proceed  by  the  action  of 
each  successive  spark,  exactly  in  the  same  definite  proportions 
as  if  it  had  resulted  at  once.  In  this  slow  process  combustion 
takes  place  in  that  portion  of  the  gas  immediately  subject  to  the 
action  of  the  sparks : but  the  temperature  of  the  surrounding- 
gas  is  not  sufficiently  raised  thereby  to  enable  the  combustion 
to  spread  beyond  their  immediate  influence.  The  accurate 
analysis  of  water  from  any  source,  purified  from  all  foreign 
admixture,  by  whatever  agent  efiected,  will  give  the  same 
quantitative  result.  Oxygen  and  hydrogen  gases,  also,  unite 
slowly  in  the  same  proportions,  when  they  are  exposed  to  a 
temperature  above  the  boiling-point  of  mercury,  and  below  that 
at  which  glass  begins  to  appear  luminous  in  the  dark. 

§ 449.  In  reliance  upon  this  law,  the  detonation  of  a 
known  quantity  of  hydrogen  with  an  unknown  quantity  of 
oxygen  in  any  mixture  is  employed  as  the  most  accurate  method 
of  estimating  the  amount  of  the  latter.  The  process  may  be 


inches,  thus  derived  from  theory,  agrees  very  nearly  witli  that  which 
we  have  previously  adduced  from  experiment  (§  203). 
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performed  in  an  eudiometer,  or  graduated  tube,  made  strong 
enough  to  resist  the  force  of  the  detonation,  and  provided  witli 
platinum  wires  by  which  an  electrical  spark  may  be  directed 
through  the  mixture.  The  amount  of  the  diminution  of  volume 
divided  by  3 will  give  the  required  quantity ; as  the  two  gases 
can  only  combine  in  the  proportion  of  two  volumes  of  hydrogen 
to  one  of  oxygen.  The  converse  of  the  process  may  obviously 
be  applied  to  ascertain  an  unknown  quantity  of  hydrogen.  The 
only  precaution  to  be  taken  is  to  be  careful  that  the  quantity  of 
the  test  gas  should  somewhat  exceed  the  quantity  necessary  for 
combination  with  the  other  gas. 

§ 450.  But  though  the  composition  of  substances  is  thus 
definite  and  limited,  it  by  no  means  follows  that  bodies  can 
combine  only  in  one  proportion : on  the  contrary,  most  bodies 
can  unite  in  several ; but  all  the  compounds  are  equally  definite 
and  fixed.  They  are,  moreover,  restricted  by  this  singular  law, 
namely,  that  the  combining  quantities  always  bear  some  simple 
ratio  to  each  other.  Thus,  when  two  gases  combine  together, 
in  equal  volumes,  to  constitute  a definite  compound,  if  more 
combinations  take  place,  they  will  be  in  the  proportion  of  1 
volume  to  2,  or  1 to  3,  or  1 to  4,  &c.,  or  the  compounds  may 
form  a series,  in  which  the  ratios  may  be  as  2 to  3,  or  2 to  5, 
&c.  The  proportions  are  always  some  simple  multiples  or 
submultiples  of  each  other.  Such  variations  of  proportions 
admit  of  nothing  intermediate,  and  they  as  completely  consti- 
tute new  species  of  matter  as  do  the  combinations  of  different 
elements.  We  will  endeavour  to  illustrate  the  laws  of  definite 
and  multiple  proportions  by  the  combinations  of  nitrogen  with 
oxygen. 

§ 451.  The  chemical  affinity  between  these  two  elements 
is  very  powerful ; but  nevertheless  it  is  extremely  difficult  to 
cause  them  to  unite  directly.  This  is  doubtless  one  provident 
security  for  the  permanence  and  salubrity  of  the  mixed  atmo- 
sphere which  we  breathe;  for  all  their  compounds  are  noxious, 
and  most  of  them  corrosive  and  poisonous. 

The  slow  combination  of  nitrogen  and  oxygen  may  be 
laboriously  effected  in  the  same  way  as  that  of  hydrogen  and 
oxygen  when  not  in  explosive  proportions ; that  is  to  say,  by 
passing  a succession  of  electric  sparks  through  the  mixture 
(§  448) ; but  in  no  proportions  of  the  two  gases  is  sufficient 
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heat  disengaged  to  maintain  the  combustion  by  itself.  We 
owe  to  Mr.  Cavendish  the  discovery  that  the  formation  of  one 
of  the  most  powerful  acids  with  which  we  are  acquainted, 
namely,  aqua-fortis,  or  nitric  acid,  is  the  residt  of  this  process. 

By  arranging  two  metallic  wires  upon  a piece  of  damp  litmus 
paper,  in  such  a way  that  a rapid  succession  of  sparks  may  pass 
from  the  prime  conductor  of  the  electrical  machine  between 
them,  we  may  always  obtain  evidence  of  this  action  in  the  red 
hne  which  wnll  appear  in  their  path ; and  if  a piece  of  filtering 
paper  be  steeped  in  a solution  of  potassa,  and  the  sparks  be 
passed  over  it  in  the  same  way,  the  acid  as  it  is  formed  will 
neutrahze  the  alkali,  and  the  paper  will  afterwards  burn  with 
scintillations,  just  as  if  it  had  been  steeped  in  solution  of  nitre. 

§ 452.  Nitre,  which  is  spontaneously  produced  upon  the 
soil  in  many  parts  of  the  world,  as  Spain  and  the  East  Indies, 
and  is  an  article  of  extensive  commerce,  is,  in  fact,  a secondary 
compound  of  this  acid  and  alkali.  It  is  the  great  source  of  all 
the  nitric  acid  which  is  used  in  the  arts,  which  is  procured  from 
it  by  the  superior  affinity  of  sulphuric  acid,  or  oil  of  vitriol,  for 
the  potassa  with  which  it  is  combined.  The  salt  is  put  into  a 
retort,  the  acid  poured  upon  it,  and  a gentle  heat  applied ; the 
nitric  acid  passes  over  in  the  state  of  vapour,  and  is  condensed 
in  a proper  receiver  (107). 

In  this  compound,  nitrogen  is  oxidated  to  the  utmost  j but 
before  w'e  state  the  definite  proportions  of  its  two  elements,  it  will 
be  more  satisfactory  to  examine  the  compounds  which  may  be 
obtained  by  the  partial  abstraction  of  oxygen  from  it. 


(107)  The  process  may  be  conducted  in  the  apparatus  here 
represented,  n is  a tubulated  retort,  connected  with  the  receiver, 
A 5,  the  tube  of  which  descends 

into  the  bottle,  c.  When  the 


retort  is  charged  with  the 
proper  proportions  of  nitre 
and  oil  of  vitriol,  and  a gentle 
heat  applied  by  means  of  the 
lamp,  d,  the  nitric  acid  passes 
over  in  vapour,  and  is  con- 
densed in  the  receiver,  b,  from 
whence  it  flows  into  the 
bottle,  c. 
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§ 453.  Upon  putting  some  metallic  zinc  into  a mixture 
of  nitric  acid  and  water,  in  the  proportion  of  1 measure  of  strong 
acid  to  16  measures  of  water,  and  applying  a moderate  heat,  a 
gentle  effervescence  will  take  place,  and  a gaseous  product 
may  be  collected.  In  this  operation  the  zinc  takes  a part  of  the 
oxygen  from  one  portion  of  the  nitric  acid,  and  forms  the  same 
oxide  which  is  produced  by  its  combustion  in  oxygen,  and  this 
combines  with  another  portion  of  the  acid.  But  the  decompo- 
sition is  not  complete,  and  we  shall  find  that  the  gas  which 
passes  over  is  not  nitrogen,  but  a compound  of  nitrogen  with 
the  smallest  proportion  of  oxygen,  and  possessed  of  far  different 
properties. 

§ 454.  This  new  combination  of  nitrogen  and  oxygen 
may  be  best  obtained,  however,  and  in  the  purest  state,  by  the 
action  of  heat  upon  a salt  which  we  shall  hereafter  particularly 
examine,  and  which  used  to  be  called  nitrum  flammans,  but  is 
now  known  by  the  name  of  nitrate  of  ammonia.  Some  of  this 
compound  may  be  placed  in  a glass  retort,  and  gently  fused 
over  an  argand  lamp.  It  must  be  cautiously  kept  simmering, 
when  it  wiU  give  off  the  gas  in  question,  which  may  be  best 
collected  in  bottles  over  hot  water,  as  it  is  considerably  soluble 
in  that  hquid  when  cold. 

It  is  a colourless  elastic  fluid,  considerably  hea^der  than 
common  air,  100  cubic  inches  weighing  about  47-3  grains.  It 
is  not,  however,  permanently  elastic ; for  by  subjecting  it  to  a 
pressure  of  about  50  atmospheres.  Dr.  Farada)'-  obtained  it  in 
the  liquid  form  at  45°  Fahrenheit.  It  was  thus  procured  by 
seahng  up  some  nitrate  of  ammonia  in  a bent  tube,  and  heating 
it  at  one  end,  while  the  other  end  was  kept  cool ; an  experiment 
which  must  always  be  attended  with  risk  from  the  enormous 
pressure  upon  the  tube.  It  has  a sweetish  taste  and  faint 
agreeable  smeU,  both  of  which  it  imparts  to  water;  which,  at 
ordinary  temperatures,  absorbs  about  its  own  bulk  of  the  gas. 
Animals  when  wholly  confined  in  it,  speedily  die ; but  it  may 
be  breathed  a short  time  with  impunity,  from  its  becoming 
diluted  with  the  atmosjDheric  air  in  the  lungs. 

It  produces  a most  extraordinary  excitement  in  the  persons 
who  inhale  it.  The  experiment  may  be  tried  by  filling  a clean 
bladder  or  silk  bag  with  the  jiure  gas,  and  ijihaling  it  frequently 
through  a pipe  attached  to  a stop-cock.  The  sensations  which 
it  ])roduces  have  been  variously  described  Ijy  difterent  persons ; 


PROTOXIDE  OF  NITROGEN. 


331 


but  most  of  them  have  agreed  that  they  are  very  agreeable,  and 
much  resemble  the  exhilarating  effects  of  spirituous  liquors.  It 
has  generally  occasioned  an  irresistible  propensity  to  laughter 
and  muscular  exertion ; not  followed  by  that  depression  and 
sense  of  lassitude  which  generally  succeed  excitement  from 
fermented  hquor. 

It  has  no  action  upon  vegetable  colours,  and  is  therefore 
neither  acid  nor  alkaline.  Many  substances,  when  introduced 
into  it  in  a state  of  inflammation,  continue  to  burn,  and  with 
increased  splendour,  from  their  superior  affinity  for  the  oxygen 
with  which  they  combine,  setting  the  nitrogen  free.  The 
glowing  wick  of  a partially  extinguished  taper  is  immediately 
kindled  into  flame.  Iron  wire  and  red-hot  charcoal  burn  in  it 
with  nearly  the  same  splendour  as  in  oxygen  gas,  but  for  a 
shorter  time ; and  the  action  of  phosphorus  is  so  violent  as 
almost  to  amount  to  explosion.  When  mixed  with  hydrogen, 
it  Tvdll  detonate  by  application  of  flame,  or  by  an  electric  spark. 

§ 455.  Its  exact  analysis  may  therefore  be  thus  performed : 
— Mix  a measure  of  the  gas  with  an  equal  measure  of  hydrogen, 
and  fire  the  mixture  in  the  apparatus  before  described  (§  439). 
One  measure  of  pure  nitrogen  will  remain.  The  measure  of 
hydrogen  has  wholly  disappeared,  and  must  have  entered  into 
combination  with  half  a measure  of  oxygen ; for  these  are  the 
proportions  in  which  we  have  previously  ascertained  these  two 
elements  to  combine.  We  further  conclude  that,  when  in  com- 
bination with  the  nitrogen,  the  whole  volume  of  the  latter,  and 
the  half  volume  of  the  former,  must  have  been  condensed  into 
one  volume ; and  a comparison  of  the  specific  gravities  of  the 
gases  confirms  this  conclusion  : for  100  cubic  inches  of  nitrogen, 
weighing  30.1  grains,  uniting  with  50  cubic  inches  of  oxygen, 
weighing  17.2  grains,  without  altering  its  bulk,  must  form  a 
compound,  100  cubic  inches  of  which  will  weigh  47.3,  as  has 
been  found  from  direct  experiment  (108).  This  is  an  example 


(108)  The  following  will  be  the  symbolic  representation  of  this 
compound  of  nitrogen  and  oxygen  by  volume. 


Nitrogen, 
ion  cubic  inches. 
30.1  grains. 


Oxygen. 

50  cubic  inches, 
grains. 


Nitrous  Oxide, 

100  cubic  iiichrs 
47.3  grains. 
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of  the  method  ]jy  which  we  can  ascertain  an  unknown  quantity 
involved  in  a known  quantity. 

§ 456.  And  it  leads  us  to  remark  further  upon  the  law 
of  definite  and  multiple  proportions  in  relation  to  gases^  that, 
whenever,  in  composition  or  decomposition  a change  of  volume 
takes  place,  the  enlargement  or  condensation  always  bears  some 
simple  ratio  to  the  original  bulk.  It  is  always  double  or  triple, 
or  half,  &c.  Thus,  in  the  combination  of  two  volumes  of 
hydrogen  with  one  of  oxygen,  the  three  volumes  are  condensed 
into  two  of  steam.  100  cubie  inches  of  hydrogen  weighing 
2.15  grains,  added  to  50  eubic  inches  of  oxygen  17-12,  are  equal 
to  19.27  grains;  the  weight  of  100  cubic  inches  of  steam,  as  it 
is  found  by  experiment  when  properly  corrected  for  temperature 
and  pressure  (§  106). 

This  compound  of  nitrogen  and  oxygen  was  discovered  by 
Dr.  Priestley ; who,  according  to  the  favourite  hypothesis  of  the 
day,  named  it  dephlogisticated  nitrous  air. 

§ 457-  The  deoxidation  of  nitric  acid  may  be  effected  in 
a less  degree  by  mixing  it  with  only  one  half  its  bulk  of  water, 
instead  of  diluting  it  with  sixteen  times  its  bulk.  The  action  of 
the  zinc  upon  it  is  much  more  violent : but  for  the  purpose  of 
collecting  the  product  it  is  best  to  employ  mercury.  Upon 
pouring  the  acid  upon  the  metal,  a violent  effervescence  soon 
ensues,  which,  at  first,  produces  a red  vajDOur  in  the  retort; 
but  upon  collecting  the  gas,  it  is  found  to  be  colourless. 

Tills  gas  is  a permanent  elastic  fluid;  verj’^  sparingly  soluble 
in  water,  and  does  not,  when  pure,  act  upon  vegetable  colours. 
It  is  whoUy  irrespirable.  The  flame  of  most  combustible 
bodies,  as  of  a taper  or  sulphur,  is  instantly  extinguished  by 
being  immersed  in  it,  but  it  parts  with  its  oxygen  to  charcoal, 
or  phosphorus,  if  introduced  in  a state  of  strong  ignition;  and 
they  burn  in  it  with  increased  energy.  It  does  not  explode 
when  mixed  with  hydrogen  in  any  proportion;  but  it  colours 
its  flame  green  when  mixed  with  it  and  burnt  in  the  com- 
mon air. 

It  is  but  little  heavier  than  common  air,  100  cubic  inches 
weighing  about  32.2  grains;  when  mixed  with  oxygen  or  common 
air,  deep  red  fumes  are  generated,  and  if  the  experiment  be  made 
over  water  a great  absorption  takes  place;  and  when  the  cxj-^gen 
is  perfectly  pure,  and  the  mixture  made  in  proper  proportions. 
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they  combine  together  and  totally  disappear.  The  composition 
of  this  gas  has  been  accurately  ascertained  by  the  careful 
combustion  of  charcoal  in  a known  measure  of  it.  After  the 
operation,  an  equal  measure  of  gas  remained,  which  was  found 
to  consist  of  half  a measure  of  carbonic  acid,  which  was  absorbed 
by  potassa,  and  half  a measure  of  nitrogen. 

Now,  charcoal  combines  with  oxygen  to  form  carbonic  acid 
without  altering  its  bulk,  and  hence,  we  conclude  that  the 
nitrogen  of  the  compound  was  combined  with  an  equal  volume 
of  oxygen  without  change  of  volume;  a result  which  exactly 
agrees  with  its  specific  gravity;  for  50  cubic  inches  of  nitrogen, 
15  grains,  added  to  50  cubic  inches  of  oxygen,  17.2  grains, 
make  a,  sum  of  32.2  grains,  the  weight  as  we  have  already  stated 
of  100  cubic  inches  of  the  gas  (109). 

Here  we  find,  then,  that  the  quantity  of  oxygen  com- 
bined with  the  nitrogen,  is  exactly  double  that  of  the  preceding 
compound. 

§ 458.  The  difference  of  the  action  of  hydrogen  upon  the 
two  oxides  of  nitrogen  is  remarkable,  and  is  probably  referrible 
to  the  state  of  condensation  in  the  elements  of  the  first.  The 
divellent  affinity  of  the  hydrogen  for  the  oxygen,  is  here  assisted 
by  the  elastic  force  with  which  it  tends  to  escape  from  coercion. 
In  the  latter,  no  compression  of  the  elements  exists,  and  no 
such  auxiliary  force  is  exhibited. 

§ 459.  Before  we  proceed  with  our  investigation,  we 
must  say  a few  words  upon  the  mode  of  naming  these  new 


(109)  The  constitution  of  the  second  compound  of  nitrogen  and 
oxygen  may  be  represented  as  follows: — 


Nitrogen, 
100  cubic  inches. 
30.1  grains* 


Oxygen. 

100  cubic  inches. 


34.Q5  grains. 


Nitric  Oxide. 
000  cubic  Inches. 
^ 64«3‘>  grains. 


No  condensation  of  volume  here  takes  place. 

Its  decomposition  by  charcoal  may  be  thus  represented. 


Nitrogen. 

Oxygen. 

4-  Carbon  = 

Carbonic  Acid. 

+ 

Nitrogen. 

Oxygen. 
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creations  of  chemistry; — these  unfamiliar  forms  of  matter,  to 
the  number  of  which  the  progress  of  science  is  daily  adding; — 
for  which  common  language  cannot  have  provided  distinctive 
appellations.  Unless  this  be  done  upon  some  well-digested 
plan,  utter  confusion  arises;  and  without  some  artificial  helps, 
the  most  retentive  memory  would  be  insufficient  to  the  task 
of  recalling  them  at  need. 

The  employment  of  common  language  in  science,  when 
possible,  is  always  advantageous;  but  then  it  should  be  remem- 
bered that  it  should  be  so  employed  with  scientific  precision. 
The  vague  notions  which  careless  persons  often  attach  to  words 
in  their  common  use,  is  utterly  inconsistent  with  any  sound 
advancement  in  philosophy*.  But  new  substances  must  be 
designated  by  new  names;  and  our  obligations  to  those  who 
have  pointed  out  systematic  methods  of  performing  this  task 
with  a due  regard  to  euphony  and  etymology  and  the  structure 
of  language  are  very  great. 

We  are  indebted  to  the  labours  of  four  eminent  French 
chemists, — Lavoisier,  Berthollet,  Guyton  Morveau,  and  Four- 
croy, — for  having  effected  this  important  service;  their  syste- 
matic nomenclature  has,  indeed,  greatly  conduced  by  its  simpli- 
city, and  its  ready  adaptation  to  new  facts,  to  the  advancement 
of  science.  The  principles  of  this  nomenclature,  which  have 
required  some  modification  and  extension  with  the  progress  of 
experience,  we  shall  endeavour  to  explain  as  we  proceed,  and  to 
apply  as  occasion  may  require;  in  conformity  with  our  plan  of 
proceeding  gradually  from  the  known  to  the  unknown. 

§ 460.  IVivial  names,  or  names  which  are  not  descrip- 
tive, may  be  given  to  simple  substances;  and  they  are  even  the 
best  when  others  may  be  readily  compounded  from  them;  but 
it  is  of  great  importance  that  compound  bodies  should  be 
designated  by  names  which  may  recall  their  constitution.  Of 
all  elementary  substances,  oxygen  has  the  greatest  range  of 
affinity;  and  it  is  capable  of  entering  into  combination  with  all 
the  other  elements  in  a vast  variety  of  proportions;  it  is  there- 
fore of  great  importance  to  distinguish  its  compounds  clearly. 
Of  its  primary  products,  those  which  are  not  acid  are  termed 
Oxides:  thus,  in  the  systematic  language,  water  is  an  oxide  of 
hydrogen,  and  the  two  compounds  of  oxygen  and  nitrogen 


WlTEWEI,  I.. 


NITROUS  ACID. 


335 


which  we  have  just  examined,  are  oxides  of  nitrogen.  When 
more  than  one  such  compound  with  the  same  body  is  known, 
they  are  distinguished  at  first,  second,  and  third  oxide,  &c.,  by 
the  appellations,  derived  from  the  Greek  ordinals,  of  j^ro/oxide, 
<fe?<^oxide,  *-i/oxide,  &c.,  or  the  furthest  degree  of  oxidation 
which  does  not  confer  the  property  of  acidity,  is  distinguished 
by  the  Latin  particle  per,  indicating  the  superlative  degree; 
/?c?'oxide  of  mercury  designating  the  red  compound,  to  which  we 
have  so  often  referred,  of  that  metal  with  oxygen. 

§ 461.  Having  found  that  the  law  of  multiple  pro- 
portions is  maintained,  both  by  measure  and  weight,  in  the 
composition  of  the  protoxide  and  deutoxide  of  nitrogen,  let  us 
proceed  to  examine  the  next  combination  of  these  elements; 
and  this  may  be  produced  synthetically  by  the  addition  of 
oxygen  to  the  deutoxide.  The  gases  for  this  purpose  must  not 
be  mixed  over  water  or  mercury;  but  in  an  exhausted  glass 
globe  or  receiver.  In  this  way,  if  one  measure  of  oxygen  be 
added  to  two  measures  of  the  deutoxide,  they  will  be  condensed 
into  one-third  of  their  joint  volume,  and  form  a deep  orange- 
coloured  gas,  which  is  the  nitrous  acid.  Now  a volume  of  the 
deutoxide,  we  know,  consists  of  half  a volume  of  nitrogen,  and 
an  equal  measure  of  oxygen:  two  volumes,  therefore,  contain 
one  volume  of  nitrogen  and  one  of  oxygen,  and  another  volume 
of  oxygen  added,  condenses  the  whole  three  volumes  into  one 
volume  of  the  new  compound,  which  must,  therefore,  contain 
twice  the  oxygen  of  the  deutoxide,  and  four  times  the  oxygen 
of  the  protoxide  (110). 

§ 462.  This  gas  wiU  support  the  combustion  of  common 
combustibles;  an  inflamed  taper  and  phosphorus  burn  in  it 
most  vividly,  and  charcoal  with  a dull  red  light.  Water  dis- 
solves it  with  great  rapidity,  and  acquires  a green  tint,  which 


(110)  The  composition  of  this  compound  of  nitrogen  and  oxygen, 
and  its  synthesis,  from  the  deutoxtide  and  oxygen,  may  he  thus  repre- 
sented : — 


Oxygen. 

Oxygen. 

Nitrogen. 
100  cubic  inches. 
30.1  grains. 

100  cubic  inches. 

+ 

100  cubic  inches. 

Nitrons  Acid. 

34*4  grains. 

^34*4  grains. 

9^*9  grains. 
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changes  to  blue,  and  finally  to  yellow,  as  more  of  tlie  gas  is 
absorbed.  The  solution  is  intensely  sour,  reddens  the  blue 
colour  of  litmus,  and  stains  animal  substances  yellow. 

§ 463.  When  a ray  of  light,  which  has  been  passed 
through  even  a very  dilute  mixture  of  this  gas  and  common  air, 
is  examined  with  a prism,  the  spectrum  is  found  crossed  with 
a series  of  black  lines  of  a similar  character  to  those  to  which 
we  have  before  alluded,  as  being  perceptible  in  a well  defined 
solar  spectrum  (§  234).  Heat  has  a curious  influence  upon  its 
action  upon  light;  at  a low  temperature,  or  0°  Fahrenheit,  it  is 
colourless;  at  32°,  it  is  of  a yellow  colour;  and  at  common 
atmospheric  temperatures,  it  assumes  various  shades  of  orange 
yellow.  As  it  becomes  hotter,  its  colour  deepens  till  a ray  of 
the  brightest  sunshine  is  incapable  of  penetrating  through  even 
a dilute  mixture. 

The  gas  is  very  easily  condensed  by  a temperature  of  0°  to 
the  liquid  state.  In  this  form  it  is  powerfully  corrosive;  pos- 
sesses an  intense  acid  taste  and  pungent  odour,  boils  at  82°,  and 
rapidly  evaporates  at  lower  temperatures. 

§ 464.  By  passing  deutoxide  of  nitrogen  slowly  into 
oxygen  gas  standing  over  water,  we  form  the  nitric  acid  vTith 
which  we  set  out.  In  this  operation,  four  volumes  of  the 
former  gas  unite  with  three  volumes  of  the  latter,  and  the 
compound  must  therefore  be  in  the  proportion  of  two  volumes 
of  nitrogen  and  five  volumes  of  oxygen.  The  acid,  as  it  is 
formed,  is  absorbed  by  the  water,  and  would  indeed  appear  to 
be  incapable  of  existing  except  in  union  with  that  liquid,  or 
some  saline  base.  The  strongest  acid  which  can  be  procured 
by  the  process  of  distillation  from  nitre  has  a specific  graAuty  of 
1.50,  in  which  one  proportion  of  the  dry  acid,  constituted  as 
above  stated,  is  combined  with  one  proportion  of  water. 

§ 465.  The  aqueonitric  acid  is  a highly  corrosive  fluid, 
and  acts  as  a powerful  cautery  when  applied  to  the  skin,  which 
it  stains  of  a permanent  yellow.  It  is  often  decomposed  with 
great  violence  by  substances  which  have  a strong  affinity  for 
oxygen;  which  enters  so  largely  into  its  composition.  If  it  be 
brought  into  contact  with  hydrogen  at  a high  temperature, 
a violent  detonation  will  be  tbe  consequence;  but  the  experi- 
ment is  dangerous,  and  should  not  be  made  without  great 
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caution.  When  poured  upon  warm  dry  charcoal  in  powder, 
combustion  ensues,  with  the  emission  of  copious  fumes  arising 
from  the  disengagement  of  deutoxide  of  nitrogen.  Oil  of 
turpentine  may  be  inflamed  by  suddenly  pouring  strong  nitric 
acid  into  it. 

Chemists  continually  employ  this  acid  for  the  purpose  of 
bringing  bodies  to  their  maximum  state  of  oxidation.  Nearly 
all  the  metals  may  be  thus  converted  into  oxides,  and  all  vege- 
table and  animal  substances  may  be  combined  with  oxygen. 
The  acid,  during  these  processes,  yields  up  three-fifths  of  its 
oxygen,  and  passes  to  the  state  of  deutoxide  of  nitrogen:  an 
example  of  which  decomposition  we  have  in  the  process  for 
making  that  gas  (§  457). 

§ 466.  When  more  than  one  acid  is  formed  by  the  com- 
bination of  any  body  with  oxygen,  the  chemical  nomenclature 
distinguishes  them  by  the  terminations  ous  and  ic;  conferring 
the  first  upon  the  acid  which  contains  the  least  oxygen,  and  the 
second  upon  that  which  contains  the  most.  We  denominate 
the  compound  of  one  volume  of  nitrogen  and  four  of  oxygen, 
the  nitroiis  acid,  and  that  of  one  and  five  the  nitric. 

§ 467-  Thus,  then,  we  have  become  acquainted  with  four 
compounds  of  nitrogen  and  oxygen,  in  which  the  proportions  of 
the  latter  element  to  the  former,  taken  by  measure,  are  in  the 
higher  compounds  multiples  of  the  lowest:  distinguishing  them 
by  the  initial  letters: — 

vol.  vol. 

1 N -p  ^ O = Protoxide  of  nitrogen. 

1 N -f-  1 O Deutoxide  of  nitrogen. 

1 N + 2 O = Nitrous  acid. 

1 N -P  2^  O = Nitric  acid. 

Here  it  will  be  observed  that  to  form  a complete  series, 
there  is  wanting  a compound  between  the  deutoxide  and  nitrous 
acid  of  1 N -P  If  O,  which  for  a long  time  was  unknown;  but 
for  which  M.  Gay  Lussac,  who  first  obtained  it,  was  induced  to 
seek  carefully  by  experiment,  in  full  reliance  upon  the  invari- 
ableness of  the  law  which  we  are  endeavouring  to  illustrate. 

§ 468.  By  forming  a mixture  of  deutoxide  of  nitrogen 
and  oxygen  over  mercury,  instead  of  water,  in  the  proportion  of 
four  volumes  of  the  former  and  one  of  the  latter,  and  throwing 
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in  a little  solution  of  potassa,  a combination  takes  place,  and  an 
acid  is  formed  which  immediately  enters  into  secondary  com- 
bination with  the  alkali;  but  which  cannot  afterwards  be  sepa- 
rated without  undergoing  decomposition.  The  compound  is  of 
so  unstable  a nature  that  whenever  a stronger  acid  is  added  for 
the  purpose  of  disengaging  it  from  the  base,  it  is  resolved  into 
the  two  more  permanent  compounds,  deutoxide  of  nitrogen  and 
nitrous  acid.  It  is  of  very  little  importance  except  as  supplying 
the  link  which  was  deficient  in  our  chain  of  simple  multiples. 
This  acid  was  distinguished  by  its  discoverer,  by  prefixing  the 
Greek  preposition  hypo,  signifying  under,  to  the  nitrous  acid, 
and  thus  indicating  its  inferior  degree  of  oxygenation;  he  called 
it  the  hypo-nitrous  acid. 

§ 469.  As  the  specific  gravities  of  all  the  gases  is  definite, 
the  quantities  thus  expressed  by  measure,  are  easily  converted 
into  the  corresponding  quantities  by  weight;  when  the  same 
law  of  multiple  proportions  will  of  course  appear;  as  in  the 
following  table: — 

100  O -p  175  N =;  Protoxide  of  nitrogen. 

200  O 4-  175  N = Deutoxide  of  nitrogen. 

300  O 175  N “ Plyponitrous  acid. 

400  O -f  175  N = Nitrous  acid. 

500  O -p  175  N =;  Nitric  acid. 

Between  these  compounds  there  is  none  intermediate,  and 
the  constitution  of  each  is  invariably  fixed  and  definite. 

§ 470.  The  complete  change  of  properties  which  cha- 
racterizes these  definite  combinations  imder  the  force  of  affinity, 
cannot,  perhaps,  be  better  exemplified  than  by  this  series  of 
compounds:  each  is  essentially  different  from  the  other,  and  as 
regards  their  effects  upon  the  human  constitution,  pleasure  and 
suffering,  laughter  and  death  are  at  the  twm  extremes.  In 
reviewing  them  aU,  it  is  almost  impossible  not  1;o  be  impressed 
with  the  wonderful  nature  of  that  species  of  attraction,  which 
by  the  approximation  of  the  particles  of  two  bodies,  and  the 
mere  variation  of  their  proportions,  can  confer  such  essentially 
different  qualities  upon  matter!  In  the  atmosphere  by  which 
we  are  surrounded,  we  are  presented  with  an  active  principle, 
essential  to  the  existence  of  life,  but  injurious  in  its  pure  state, 
diluted  by  measure  and  weight  with  an  inert  fluid  to  the  exact 
proportion  which  is  most  beneficial  to  animal  existence:  it  is 
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perpetually  consumed,  and  perpetually  renewed ; but  never  falls 
short  of  its  determined  quantity.  This  bland,  tasteless,  ino- 
dorous, invisible  mixture,  in  which  we  are  constantly  immersed, 
and  upon  the  maintenance  of  which  our  existence  depends,  is, 
by  the  approximation  of  its  particles  in  a manner  to  us  myste- 
rious, capable  of  being  converted  into  a poisonous,  corrosive, 
suffocating  red  vapour,  which  instantly  destroys  all  organized 
matter.  By  approximating  them  in  other  proportions,  an 
intoxicating  deleterious  air  is  produced,  or  compounds  with 
other  properties,  but  all  destructive  of  life.  Such  affinities,  it 
is  clear,  exist;  but,  providentially,  are  controlled  by  the  same 
Power  which  ordained  the  laws  of  nature. 

§ 471.  The  course  of  our  investigation  will  lead  us  next 
to  inquire  whether  nitrogen  be  capable  of  forming  any  combi- 
nations with  hydrogen,  and  what  the  nature  of  these  combi- 
nations may  be. 

The  two  gases  may,  of  course,  be  mixed  together  in  any 
proportions;  but  there  are  no  known  means  of  causing  them  to 
imite  directly  in  a more  intimate  manner.  One  such  compound 
may,  however,  be  formed  indirectly.  Strong  nitric  acid  wiU  not 
be  acted  upon  by  tin;  and  indeed  there  are  several  metals,  iron 
amongst  the  number,  which  remain  perfectly  bright  in  acid  of  the 
specific  gravity  1.5.  When  diluted  with  half  its  bulk  of  water, 
rapid  decomposition  of  the  acid  takes  place,  and  tin  is  converted 
into  a white  oxide,  with  a violent  extrication  of  deutoxide  of 
nitrogen.  If  some  of  the  bulky  white  powder  thus  produced  be 
rubbed  in  a mortar  with  some  alkahne  base,  such  as  potassa  or 
lime,  the  well-known  pungent  smell  of  hartshorn  is  emitted; 
and  a piece  of  moistened  turmeric-paper  held  in  the  fumes  will 
be  turned  brown,  testifying  the  escape  of  some  volatile  substance 
uath  alkaline  properties. 

In  this  process  the  tin  not  only  effects  the  decomposition  of 
the  acid,  but  also  of  the  water,  combining  with  the  oxygen  of 
both;  and  a portion  of  nitrogen  and  hydrogen  are  set  free  at 
the  same  time,  and  immediately  form  a new  compound.  This 
compound  is  alkaline,  and,  consequently,  enters  into  secondary 
combination  with  a portion  of  the  acid.  By  washing  the  oxide 
of  tin,  and  evaporation  of  the  solution,  the  resulting  salt  may 
be  obtained  in  crystals. 

§ 472.  Iffiere  is  a saline  body  of  the  same  nature  well- 

z 2 


340 


AMMONIA. 


known  in  the  arts  by  the  name  of  sal-ammoniac,  which  was  so 
called  because  it  was  formerly  obtained  near  the  ruins  of  the 
temple  of  Jupiter  Ammon,  in  Africa;  if  some  of  this  salt,  finely 
powdered  and  mixed  with  an  equal  quantity  of  unslaked  quick- 
lime in  powder,  be  introduced  into  a small  glass  retort,  and 
exposed  to  heat,  it  will  give  off  a gas  which  may  be  collected 
over  mercury,  but  is  rapidly  absorbed  by  water.  It  possesses 
the  peculiar  pungent  smell  to  which  we  have  just  referred,  and 
when  drawn  into  the  mouth  destroys  the  cuticle;  and  an  animal 
jjlunged  into  it  is  instantly  suffocated. 

It  is  colourless,  and  possesses  all  the  mechanical  properties 
of  the  air.  It  possesses  an  acrid,  caustic,  taste  which  it  com- 
municates to  its  watery  solution.  The  flame  of  a taper  plunged 
suddenly  into  it  is  extinguished;  but,  if  slowly  and  cautiously 
introduced,  it  becomes  enlarged  with  a kind  of  yellow  halo, 
indicating  a disposition  of  the  gas  itself  to  burn.  In  fact, 
if  a small  jet  of  it  be  thrown  into  a jar  of  oxygen,  it  may 
be  ignited:  the  product  of  the  combustion  being  water  and 
nitrogen. 

§ 473.  A mixture  of  the  gas  with  oxygen,  in  the  pro- 
portion of  two  volumes  to  one  and  a half,  may  be  inflamed  just 
as  a mixture  of  hydrogen  and  oxygen. 

The  mere  passing  of  electric  sparks  through  it  effects  its 
decomposition;  and  it  may  also  be  decomposed  by  transmitting 
it  over  red-hot  iron,  or  copper  placed  in  a tube  (111).  By 
these  processes  its  bulk  is  gradually  enlarged;  and  when  two  or 
three  hundred  discharges  have  passed  through  a cubic  inch  of 
it,  it  will  be  found  to  have  doubled  its  volume.  Two  volumes, 
therefore,  by  their  decomposition,  produce  four  volumes,  which 
are  found  to  consist  of  three  volumes  of  hydrogen  and  one 
volume  of  nitrogen. 

(Ill)  The  gas  for  this  purpose  may  be  obtained  in  a bladder,  a, 
from  which  it  may  be  gradually  expelled  through  the  tube,  b b,  which 
contains  a coil  of  copper  wire,  and  is  kept  heated  in  the  furnace,  c. 
The  gases  arising  from  the  decomposition  may  be  collected  in  the  jar, 
d,  standing  in  the  water-trough,  and  measured. 
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§ 474.  Now,  150  cubic  inches  of  hydrogen  weigh  3.22 
grains,  and  50  cubic  inches  of  nitrogen  15.07  grains,  making 
together  18.29  grains;  which,  as  two  volumes  are  exactly  con- 
densed into  one,  will  be  the  calculated  weight  of  100  cubic 
inches  of  this  compound,  and  agrees  very  closely  with  the  result 
of  direct  experiment  (112).  It  has  been  named  ammonia^  from 
the  sal-ammoniac  from  which  it  was  first  procured. 

§ 475.  Ammonia  has  been  liquefied  by  Dr.  Faraday  with 
a pressure  of  6|-  atmospheres  at  50°  Fahrenheit.  Its  solution 
in  water  is  an  article  of  great  importance  and  extensive  use. 
It  may  be  prepared  by  passing  the  gas,  as  it  is  formed,  at  once 
into  water;  which,  at  the  temperature  of  50°,  will  take  up  67O 
times  its  own  volume.  The  bulk  of  the  water  is  thereby  in- 
creased, and  its  specific  gravity  diminished : that  of  a saturated 
solution  being  .875.  The  solution  may  be  more  conveniently 
made  by  covering  the  mixture  of  lime  and  sal-ammoniac  with 
water,  and  after  allowing  it  to  stand  for  some  hours,  pouring  off 
the  clear  solution  and  distilling.  The  force  of  adhesion  between 
the  ammonia  and  the  water  is  so  great,  that  the  solution  rises 
in  vapour,  and  is  afterwards  condensed.  The  solution  possesses 
the  peculiar  pungent  smell,  taste,  and  alkaline  properties  of  the 
gas  itself,  and  has  the  same  action  upon  vegetable  colours. 

§ 476.  The  affinity  which  we  have  been  hitherto  con- 
sidering has  been  between  the  ultimate  particles  of  bodies ; the 
chemical  composition,  which  hence  results,  by  no  means  in 
every  case  saturates  or  satisfies  their  chemical  attraction,  but 


(112)  The  results  of  this  analysis  are  thus  represented  in  volume. 
The  condensation  is  of  four  volumes  into  two: — 


Hydrogen. 
100  cubic  inches. 
3.15  grains. 

Nitrogen. 
100  cubic  inches. 
30.1  grains. 

Hydrogen, 
too  cubic  inches. 
3.15  grains. 

Hydrogen. 
100  cubic  inches. 
3.15  grains. 

Ammonia. 

200  cubic  Inchcf. 
36.55  graiui. 
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leaves  many  of  the  compounds  with  the  power  of  entering  into 
secondary  combination,  as  proximate  principles,  from  which  new 
classes  of  bodies  arise  with  perfectly  new  properties^  but  in 
which  the  power  of  simple  combination  is  satisfied,  and  the 
chemical  forces  are  in  a state  of  equilibrium.  These  secondary 
combinations  again  are  strictly  subject  to  the  same  laws  of 
definite  and  multiple  proportions.  We  will  illustrate  this  more 
particularly  by  the  mutual  reaction  of  ammonia  and  the  nitric 
and  carbonic  acids,  which  we  have  formed  out  of  the  ingredients 
of  the  atmosphere. 

§ 477-  By  carefully  dropping  a solution  of  ammonia  into 
dilute  nitric  acid  they  may  be  made  exactly  to  neutralize  one 
another,  and  the  exact  point  of  mutual  saturation  may  be  easily 
ascertained  by  colouring  the  first  green  and  the  second  red  by 
some  blue  vegetable  colour.  The  blue  colour  will  be  restored 
when  the  acid  and  alkaline  properties  disappear.  The  solution 
will  then  be  neither  acid,  corrosive,  alkaline,  nor  caustic,  but  its 
taste  will  be  saline  and  cooling.  By  careful  evaporation  of  the 
water  at  a temperature  not  exceeding  100°  Fahrenheit,  a salt 
may  be  obtained  in  crystals,  which  is  the  same  as  that  which 
we  described  as  formed  by  the  violent  reaction  of  water,  nitric 
acid,  and  tin  (§  47l).  These  crystals  have  been  ascertained  to 
be  composed  per  cent,  of : — 


Acid 

67.50 

Alkali 

21.25 

Water 

11.25 

100.00 

We  may  separate  the  whole  of  its  acid  from  this  compound,  by 
the  stronger  affinity  of  sulphuric  acid  for  the  ammonia : or  we 
may  separate  its  alkali  by  the  superior  attraction  of  lime  for  the 
nitric  acid. 

It  is  also  the  same  salt  as  that  which  we  employed  for  tne 
formation  of  the  protoxide  of  nitrogen  (§  454) : and  if  this 
experiment  be  carefully  conducted,  it  will  be  found  that  its 
full  weight  will  be  obtained  in  protoxide  and  water.  It  is  clear, 
then,  that  the  whole  influence  of  the  heat  is  to  produce  a new 
and  more  stable  arrangement  of  the  heterogeneous  particles 
concerned  without  any  loss : and  the  study  of  this  play  of 
affinities  we  shall  find  very  instructive. 
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§ 478.  That  the  water  should  pass  ofiF  at  a high  tempe- 
rature, any  one  might  probably  anticipate;  but  that  the  hydrogen 
of  the  ammonia  should  be  exactly  sufficient  to  combine  with  the 
oxygen  of  the  acid,  and  leave  the  nitrogen  of  both  in  the  lowest 
degree  of  oxygenation,  as  the  protoxide,  is  very  remarkable. 
There  is  not  the  slightest  excess  or  deficiency  in  any  of  the 
elements ; but  the  definite  proportions  of  the  first  compounds 
contain  the  exact  quantities  for  the  second,  which  are  equally 
definite.  Let  us  state  the  proportions  of  each  per  cent,  from  the 
their  analyses  and  syntheses,  as  we  have  just  done  the  propor- 


tions  of  the  proximate  principle 

of  the  salt. 

Nitric  Acid 

. Nitrogen 
Oxygen 

25.926 

74.074 

100.000 

Ammonia 

. Nitrogen 
Hydrogen 

82.353 

17.647 

100.000 

Protoxide  of  Nitrogen 

. Nitrogen 
Oxygen 

63.637 

36.363 

100.000 

"Water 

Hydrogen 

Oxygen 

11.111 

88.889 

100.000 

§ 479.  Now  under  this  form  of  stating  the  proportions 
in  which  bodies  are  combined,  in  100  parts  of  the  compound, 
which  would  obviously  be  the  first  mode  of  comparing  the 
results  of  analyses,  the  great  and  fundamental  laws  of  chemical 
composition  for  a long  time  lay  hid,  the  evolution  of  which 
constitutes  one  of  the  greatest  steps  that  the  science  ever  made. 
It  will  at  once  appear  by  changing  the  expressions  of  aU  the 
results  into  the  same  ratios  of  the  ingredients  with  reference 
to  one  taken  as  a standard  of  comparison. 

Let  us  for  instance  take  oxygen  as  our  standard  of  com- 
parison for  the  above  analyses,  and  call  its  fixed  combining 
proportion  unity,  or,  for  convenience  of  decimal  notation,  10.0 : 
then  commencing  with  the  protoxide  of  nitrogen  as  the  compound 
in  which  it  exists  in  least  proportion,  we  shall  find  the  quantity 
of  nitrogen  combined  with  the  oxygen  upon  this  scale  by  the , 
following  statement. 
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Oxygen  Stan- 

Nitrogen 

Nitro- 

per cent.  dard. 

per  cent. 

gen. 

36.363  : 10.0  : : 

63.637 

: 17.5 

Let  us  next  take  the  analysis  of  water,  and  compare  the 

results  with  the  same  standard. 

Oxygen  Stan-  Hydrogen 

Hydro- 

per cent.  dard. 

per  cent. 

gen. 

88.989  : 10.0  : : 

11.111 

; 1.25 

Tlius,  then,  we  have  the  combining  proportions  of  the  three 

elementary  substances  concerned 

in  these 

compounds,  referred 

to  oxygen  as  10.0,  as  follows. 

Oxygen 

. 

10.0 

Nitrogen  . - 

. 

17.5 

Hydrogen  . 

• 

1.25 

and  of  their  primary  compounds. 

N. 

0. 

Protoxide  Nitrogen 

. 17.5 

-f  10  “ 27.5 

H. 

0. 

Water 

1.25 

4-  10  = 11.25 

But  we  have  also  the  combination  of  nitrogen  with  oxygen  in 
multiple  proportion  as  nitric  acid;  and  according  to  the  analysis. 

Nitrogen  Standard  Oxygen  Standard 
per  cent.  Nitrogen.  per  cent.  Oxygen. 

25.0  : 17.5  : : 74.1  : 10.0  x 5 

We  find  also  that  ammonia  is  a compound  of  nitrogen  and 
hydrogen  in  which,  expressing  nitrogen  by  the  same  number  as 
that  determined  by  the  last  comparisons,  we  find  the  hydrogen 
to  be  expressed  by  exactly  three  times  the  number  which  we 
derived  for  it  from  the  analysis  of  water  reduced  to  the  common 
standard:  thus. 

Nitrogen  Standard  Hydi'Ogen  Standard 

per  cent.  Nitrogen.  per  cent.  Hydrogen. 

88.35  : 17.5  . : 17.647  : 1.25  X 3 

Thus  we  have  the  laws  of  definite  and  multiple  proportions 
strikingly  presented  to  us,  and  we  moreover  learn,  not  only 
that  the  proportions  are  definite^  but  also  that  they  are  reciprocal, 
or  mutually  interchangeable. 

Thus  will  a certain  standard  weight  of  oxygen  or  its  multiples 
combine  with  a certain  definite  proportion  of  nitrogen  and 
with  a certain  other  definite  proportion  of  hydrogen;  and 
nitrogen  and  hydrogen  will  also  combine  together  in  exactly  the 
proportions  which  have  been  thus  ascertained  with  regard  to 
oxygen  or  in  some  simple  multiple  of  one  of  them. 
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Again,  if  we  add  together,  on  one  hand,  the  proportions  thus 
ascertained  of  nitrogen  and  oxygen  which  enter  into  the  com- 
position of  nitric  acid,  and  on  the  other  the  proportions  of 
nitrogen  and  hydrogen  which  form  ammonia,  the  respective 
sums  will  express  the  ratio  in  which  the  acid  and  alkali 
combine : thus — 

17.5  N + 60.00  O ~ 67.50  Nitric  acid. 

17-5  N 4-  3.75  II  = 21.25  Ammonia. 

88.75  Nit.  of  Ammonia. 

and  so  also  with  the  water  which  enters  into  the  constitution  of 
the  crystallized  salt:  if  we  add  together  the  oxygen  and  hydrogen, 
the  sum  will  be  the  combining  proportion. 

3.75  H + 10.0  O = 11.25  Water. 

3 

and  88.75  dry  salt  -J-  11.25  = 100  Crystallized  salt. 

The  decomposition  of  nitrate  of  ammonia  by  heat,  con- 
sidered either  with  regard  to  measure  or  weight,  places  these 
relations  in  a very  striking  point  of  view : thus  by  volume; 

Cub.  In.  Cub.  In.  Z 

100  N + 250  O :=  Nitric  acid.  1 

100  N -f  300  H = Ammonia.  rNitrate  of  Ammonia. 

100  II  + 50  O = Water.  J 

200  N 4-  400  H 4-  300  O 

But'  these  proportions  of  the  elementary  gases  are  capable 
of  being  arranged  in  the  following  order  : — 

Cub.  In.  Cub.  In. 

100  N 4-  50  O Protoxide  of  Nitrogen. 

100  N 4-  50  O = Protoxide  of  Nitrogen. 

100  H 4-  50  O = Water. 

100  H 4-  50  O = Water. 

100  II  4-  50  O = Water. 

100  II  4-  50  O = Water. 

200  N 4-  400  II  4-  300  O 


Or,  let  us  make  the  same  comparison  by  weight,  with 
reference  to  oxygen  as  a standard.' 


17.5  N 4-  50.0  O = Nitric  acid.l 

17-5  N 4-  37.5  II  — Ammonia.  >Nitrate  of  Ammonia. 

12.5  II  4-  10.0  O r=  Water.  J 

35.0  N 4-  50.0  II  4-  60.0  O 
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which  are  eqmvalent  to : — 

17.5  N + 10.0  0 = Protoxide  of  nitrogen. 

17.5  N + 10.0  O = Protoxide  of  nitrogen. 

12.5  II  + 10.0  O = Water. 

12.5  H + 10.0  O = Water. 

12  5 H + 10.0  0 =:  Water. 

12.5  H + 10.0  O = Water. 

3^  N + 50,0  H + 60.0  O 

Here  it  is  evident  that  a definite  proportion  of  the  crystallized 
salt,  formed  by  nitric  acid,  ammonia,  and  water,  is  exactly  equi- 
valent to  two  proportions  of  the  protoxide  of  nitrogen  and  four 
proportions  of  water. 

§ 480.  A similar  relation  exists  between  all  the  com- 
pounds which  res\ilt  from  the  action  of  chemical  afiinity;  and 
certain  definite,  unchangeable  quantities  of  the  elementary  sub- 
stances are  equivalent  to  each  other  in  combining,  either  in 
single  or  multiple  proportions : while  the  amounts  of  the  several 
proximate  principles,  so  constituted,  are  also  equivalent  to  one 
another  in  entering  into  secondary  combination. 

This  rule  of  the  sums  of  the  equivalents  of  the  elements  in 
primary  combinations,  constituting  the  equivalents  of  the  proxi- 
mate principles  of  secondary  combinations,  is  most  important; 
as  enabling  us  to  decide  between  two  statements  of  the  com- 
bining ratios  which  otherwise  might  be  doubtful. 

§ 481.  The  full  development  of  the  laws  of  definite, 
multiple,  and  equivalent  proportions  in  chemical  combination, 
can  only  be  found  in  the  complete  body  of  chemical  sci- 
ence: but  it  may  contribute  to  that  clear  idea  of  their  nature 
and  scope  which  it  is  desirable  to  obtain  at  the  outset,  to  illus- 
trate them  by  the  mutual  exchange  of  principles  which  may 
take  place  between  two  salts  by  double  decomposition,  and 
which  may  be  effected  without  going  beyond  those  forms  of 
matter  with  which  the  course  of  our  inquiry  has  already  made 
us  acquainted. 

We  have  ascertained  the  composition  of  carbonic  acid,  both 
by  analysis  and  synthesis,  to  be  per  cent.  72.73  oxygen  and 
27.27  carbon  (§  445).  With  reference  to  our  standard  or  10.0 
oxygen,  the  carbon  Avould  be  3.75:  for 


Oxygon  Stau- 

per  cent.  dard. 

72.73  : 10.0 


Carbon. 

per  cent.  Carbon. 

27.27  : 3.75 
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13.75  therefore,  or  some  simple  multiple  of  this  amount,  of 
carbonic  acid,  ought  to  be  equivalent  to  67*5  of  nitric  acid  in 
combining  with  21.25  of  ammonia. 

Upon  making  the  experiment  with  care  we  shall  find  that, 
when  one  volume  of  carbonic  acid  and  two  volumes  of  ammonia 
are  mixed  in  a glass  vessel  over  mercury,  a complete  eondensation 
ensues,  and  a saline  body  is  produced  in  the  form  of  a white 
powder.  It  contains,  in  100  parts  by  weight,  56  earbonic  acid 
and  44  ammonia;  or,  with  reference  to  10.0  oxygen,  27.5  carbonic 
acid  and  21.25  ammonia:  27.5  therefore  (or  13.75  x 2)  is  the 
quantity  of  carbonic  acid  equivalent  to  67-5  nitric  acid.  Again, 
if  we  take  100  parts  of  the  salt  of  nitric  acid  and  ammonia, 
(composed  of  NA  67.5  + A 21.25  + W 11.25)  and  decom- 
pose it  by  the  superior  affinity  of  lime,  the  whole  of  the  am- 
monia will  be  driven  off  and  replaced  by  35.5  parts  of  that  base, 
which  are  therefore  equivalent  to  21.25  of  ammonia;  and  the 
salt  remaining  will  consist  of  67.5  nitric  acid  and  35.5  of  lime. 

§ 482.  And  now  we  have  it  in  our  power  to  apply  the 
most  convincing  test  of  the  accuracy  of  the  law  of  reciprocal 
proportions;  for  if  we  take  equivalent  solutions  of  the  two  salts, 
one  formed  of  carbonic  acid  and  ammonia,  and  the  other  of 
nitric  acid  and  lime,  and  mix  them  together,  a double  exchange 
of  acids  and  bases  will  take  plaee:  the  carbonic  acid  will 
separate  from  the  ammonia  and  eombine  with  the  hme  (and 
the  compound  carbonate  of  lime  being  insoluble  will  be  thrown 
down  in  the  solid  state):  at  the  same  time  the  nitric  acid 
separating  from  the  lime  will  combine  with  the  ammonia  (and 
will  remain  in  solution).  The  exchange  will  be  perfect,  neither 
acid  nor  base  of  any  kind  will  be  in  excess;  but  the  quan- 
tity of  lime  which  exactly  sufficed  to  neutrahze  the  nitric  acid 
will  be  exactly  sufficient  to  neutralize  the  carbonic  acid;  and 
the  quantity  of  ammonia  which  was  combined  with  the  carbo- 
nic acid  will  be  precisely  that  which  is  required  to  enter  into 
composition  with  the  nitric  acid.  The  definite  proportions  of 
the  ingredients  of  each  compound  are,  in  short,  equivalent  to 
each  other  in  all  other  compounds  into  which  they  are  capable 
of  entering  (113). 


(113)  The  relations  of  the  several  equivalents  which  enter  into 
the  composition  of  the  original  and  resulting  compounds,  are  clearly 
seen  in  the  following  diagram.  On  the  outside  of  the  perpendicular 
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§ 483.  As.  the  decomposition  of  a compound  by  the 
stronger  attraction  of  some  other  body  for  one  of  its  components 
is  said  to  take  place  by  elective  affinity,  so  this  process  of  double 
decomposition  and  recomposition  is  designated  double-elective 
affinity;  and  it  sometimes  happens  that  bodies  which  cannot 
be  separated  by  the  single  divellent  force  of  the  first,  wiU  yield 
to  the  combined  action  of  the  second. 

§ 484.  To  the  other  constituents  of  the  atmosphere  (§430) 
we  must  now  add  an  almost  inappreciable  quantity  of  carbonate 
of  ammonia  in  the  gaseous  state.  The  amount  is  so  small  that 
it  escapes  detection  in  the  aeriform  mixture,  but  the  rain  which 
descends  through  the  different  strata  dissolves  it,  and  the  water 
upon  evaporation  and  the  addition  of  a little  muriatic  acid 
always  yields  a small  residue  of  saline  matter  consisting  of 
muriate  of  ammonia.  It  communicates  the  property  of  softness 
to  rain-water,  and  minute  as  is  its  quantity,  it  is  believed  to  be 
the  source  of  nearly  all  the  combined  nitrogen  in  the  organic 
creation:  for  neither  vegetables  nor  animals  appear  to  aet 
directly  upon  the  simple  nitrogen. 

§ 485.  The  laws  of  definite,  multiple,  and  equivalent 
proportions  in  compositions  and  decompositions  resulting  from 
the  force  of  affinity,  constitute  the  foundation  of  chemical 
science.  Their  establishment  has  rendered  mathematical  preci- 
sion attainable  in  all  its  reasonings  and  results,  and  facilitated 


lines  are  placed  the  equivalent  quantities  of  the  original  conapounds: 
the  equivalent  quantities  of  their  proximate  principles  are  placed 


Nitrate  of  Ammonia. 
88.75. 


t Nitric  Acid. 
67.5 


Nitrate  of  Lime. 
103 


Ammonia.  ' 
21.25 


Carbonate  of  Ammonia. 
43.75 


Lime. 

35.5 


Carbonic  Acid. 
27.5 


Carbonate  of  Lime. 
63.0 


within  the  same  lines.  On  the  outside  of  the  horizontal  lines  arc 
placed  the  new  results,  which  are  made  up  of  a double  exchange 
of  principles;  the  equivalent  proportions  remaining  the  same. 
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its  study  and  extension.  The  results  of  the  crucible  and  the 
balance  may  thus  be  checked  and  corrected  by  calculations 
founded  upon  general  principles;  while  every  new  fact  at  once 
finds  a place  in  the  general  system,  and  is  brought  into  associa- 
tion and  comparison  with  previously  known  phenomena  in  a 
way  the  most  advantageous  to  its  examination.  Every  species 
of  inorganic  matter,  whether  elementary  or  compound,  and 
many  of  organic  composition,  are  now  included  in  tables  of 
equivalents,  whose  precision  is  such,  that  they  are  capable  of 
being  transferred  to  logometric  scales;  by  the  sliding  rule  of 
which  the  expression  of  their  ratios  may  be  changed,  and  calcu- 
lations facilitated,  as  by  other  sliding  rules. 

§ 486.  For  the  unit  of  the  scale,  or  standard  of  compa- 
rison, any  substance  might  be  adopted,  provided  its  combining 
relations  with  a sufficient  number  of  other  bodies  were  accu- 
rately ascertained;  but  uniformity  of  practice  is  as  much  to  be 
desired  in  this  case  as  in  those  of  the  thermometer  and  baro- 
meter. Unfortunately,  however,  the  cultivators  of  science  have, 
here  again,  sacrificed  a great  general  convenience  to  minor  and 
speculative  points,  and  two  series  of  numbers  are  now  in  use  to 
represent  chemical  equivalents;  oxygen  standing  at  the  head  of 
one,  and  hydrogen  of  the  other.  We  have  already  given  an 
example  of  the  first,  in  the  comparison  which  we  have  made  of 
the  combining  proportions  of  such  substances  as  we  have  had 
occasion  to  refer  to  with  10.0  parts  of  oxygen  (§4/9).  The 
great  practical  oljjection  to  the  scale  is,  the  inconvenience  of 
the  high  numbers,  or  the  perpetual  and  necessary  recurrence  of 
fractions.  One  of  the  great  advantages  which  a scale  of  equi- 
valents offers,  is  its  assistance  to  the  memory,  and  this  is  greatly 
impaired  by  the  complexity  of  fractional  numbers. 

§ 487.  By  assuming  hydrogen  = 1,  or  unity,  we  obviate 
this  objection.  Of  all  species  of  matter  it  enters  into  combina- 
tion in  the  smallest  proportion  by  weight,  and  an  hypothesis 
has  been  formed,  which  yet,  perhaps,  requires  confirmation,  that 
the  numbers  representing  other  bodies  are  all  simple  multiples 
of  its  equivalent.  It  has  been  objected  to  this  suggestion,  which 
we  owe  to  Dr.  Prout,  that  it  is  purely  hypothetical  and  almost 
fanciful;  but  the  more  accurate  our  analyses  become,  the  nearer 
appears  to  be  the  coincidence  of  facts  with  the  theory:  indeed, 
it  is  now  admitted  that  the  equivalents  of  the  elements  which 


350 


CHEMICAL  EQUIVALENTS. 


stand  lowest  upon  the  scale,  and  by  which  alone  its  truth  can 
be  tested,  may  be  represented  by  whole  numbers  on  the  hydro- 
gen scale,  with  as  high  a degree  of  probabihty  of  accuracy  as  by 
any  fractional  numbers  which  may  be  substituted  for  them. 
The  notion  is  doubtless  founded  upon  a sense  of  that  sublime 
symmetry  and  simplicity  which,  the  more  we  inquire  the  more 
we  find  pervading  all  the  works  of  the  creation;  and  when  we 
recollect  that  in  the  most  perfect  of  aU  the  sciences,  the  Laws 
of  Kepler  themselves,  which  have  been  so  amply  confirmed  by 
the  triumphant  progress  of  Astronomy,  were  derived  from  similar 
views  of  the  geometric  harmony  of  nature,  we  are  incHned  not 
to  reject  this  view  of  numerical  harmony  in  the  composition  of 
bodies,  until  actually  proved  to  be  inconsistent  with  the  positive 
results  of  accurate  experiment.  Some  other  curious  relations  of 
the  same  numbers  indicating  a harmony  of  the  whole,  which 
may  be  beyond  our  present  comprehension,  we  shall  take  occa- 
sion hereafter  to  point  out.  In  the  mean  time  we  cannot  but 
here  apply  a remark  of  Sir  John  Herschel,  that  ^‘^the  extreme 
simplicity  which  characterises  the  theory  is  of  itself  no  unequi- 
vocal indication  of  its  elevated  rank  in  the  scale  of  physical 
truths.”  In  the  great  majority  of  cases,  the  difference  between 
any  fraction  and  its  nearest  whole  number  falls  within  the  limits 
of  the  errors  necessarily  attendant  upon  the  present  modes  of 
experimenting,  and  on  these  accounts  we  shall  prefer  the 
hydrogen  standard  for  our  present  purpose. 

The  following  are  the  equivalents,  upon  the  hydrogen  scale, 
of  the  several  elements  and  their  compounds  which  we  have 
hitherto  examined. 

Table  XXXIX.  Of  Equivalents. 


Elements. 


Hydrogen 

. 

1 

Carbon 

. 

6 - 

Oxygen 

. 

8 

Nitrogen 

Primary  Compounds. 

14 

Water 

. 11  + 0 . . . 

9 

Lime  . 28 

Ammonia . 

. N -1-  3 II  . . . 

17 

Potassa.  48 

Carbonic  acid  . . C + 2 0 . . . 22 

Protoxide  of  nitrogen.  N + O ...  22 
Deutoxide  of  nitrogen  N + 2 O ...  30 

Ilyponitrous  acid  . N -j-  3 O ...  38 

Nitrous  acid  . . N + 4 0 . . . 46 

Nitric  acid  . . N + 5 O . . . 54 
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Secondary  Compounds. 

Carbonate  of  Ammonia  (C  + 2 O)  + (N  + 3 H)  , 39 

Carbonate  of  Lime  (C  + 2 O)  + (L)  . . .50 

Nitrate  of  Ammonia  (N  +50)  + (N  + 3 H)  . 71 

Nitrate  of  Lime  . (N  + 5 O)  + (L)  . . .82 

§>  488.  A little  reflection  upon  this  very  limited  table  will 
convince  us,  that  the  great  advantage  of  representing  the  com- 
bining proportions  of  different  substances,  with  reference  to  a 
common  standard,  over  the  former  mode  of  stating  them  per 
cent.,  consists  in  its  furnishing  us,  not  only  with  their  ratios  in 
any  given  compound,  but  their  relations  in  every  other  com- 
pound into  which  it  is  possible  for  them  to  enter.  In  addition 
to  its  other  advantages  the  facilities  which  such  a scale  affords 
to  the  memory  are  obvious  and  important,  and  may  be  extended 
by  considering,  that  if  we  take  the  equivalent  numbers  of  each 
gaseous  element  to  represent  its  weight  in  grains,  46.8  cubic 
inches  will  be  the  corresponding  combining  volume  of  all  except 
oxygen,  which  combining  in  half  volumes  will  be  represented 
by  23.4  cubic  inches;  and  thus  the  specific  gravity  of  every 
gaseous  compound  may  readily  be  ascertained.  As  an  example : — 
Suppose  we  wish  to  ascertain  the  weight  of  100  cubic  inches 
of  Ammonia. 

46.8  cubic  inches  Nitrogen  . .14 

46.8  X 3 cubic  inches  Hydrogen  . . 3 

ny 

condensed  into  93.6  cubic  inches. 

Cub.  In.  Cub.  In.  Grains.  Grains. 

Therefore  93.6  : 100  : : 17  : 18.6 

or,  of  100  cubie  inches  of  Carbonic  acid, 

46.8  cubic  inches  Oxygen  . .16 

Carbon  . . 6 

22 

No  change  of  volume. 

Cub.  In.  Cub.  In.  Grains.  Grains. 

Therefore  46.8  : 100  : : 22  : 47 

The  converse  operation  of  determining  the  equivalent  of  a 
gas  from  its  specifie  gravity  is  too  obvious  to  require  the  illus- 
tration of  an  example. 

§ 489.  Before  we  proceed  to  examine  some  other  im- 
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portant  combinations  of  the  four  chemical  elements  which  we 
have  thus  established,  we  will  make  two  or  three  additional 
remarks  upon  nomenclature,  and  the  system  of  what  is  called 
chemical  notation. 

Secondary  compounds,  or  salts,  derive  their  present  generic 
names  from  the  acid  which  they  are  supposed  to  contain;  the 
termination  ic  being  changed  into  ate,  and  ous  into  ite.  Thus, 
a salt  of  the  carbonic  acid  is  a carbonate;  of  the  nitric  acid,  a 
nitrate;  of  the  nitrous  acid,  a nitrite;  of  the  hypo-nitrous  acid, 
a hypo-nitrite.  Their  specific  names  are  taken  from  those  of 
their  bases  or  oxides;  as  carbonate  of  ammonia,  carbonate  of 
lime,  nitrate  of  ammonia,  &c.  When  a metal,  by  difierent 
combinations  with  oxygen,  forms  more  than  one  base,  their 
salts  are  distinguished  like  the  oxides,  by  the  Greek  ordinals: 
thus,  the  jsro^o-nitrate  of  mercury  indicates  a combination  of 
nitric  acid  with  the  protoxide  of  that  metal;  while  the  per- 
nitrate  of  mercury  designates  another  salt,  into  the  constitution 
of  which  the  peroxide  enters. 

§ 490.  Sometimes  an  acid  enters  into  combination  with 
a base  in  a greater  proportion  than  that  of  single  equivalents, 
the  law  of  multiple  proportions  being  stUl  maintained;  the 
excess  of  acid  is  indicated  by  Latin  prefixes  of  quantity:  thus, 
we  have  the  Ai-carbonate  of  ammonia,  and  the  ^e^g-Mi-carbonate 
of  ammonia;  the  former  containing  two  equivalents  of  the  acid, 
and  the  latter  an  equivalent  and  a half. 

On  the  other  hand,  the  base  may  predominate  over  the 
neutral  equivalent,  when  Greek  prefixes  are  employed:  thus,  a 
combination  of  two  equivalents  of  oxide  of  lead,  and  one  of 
nitric  acid,  is  called  the  </i-nitrate  of  lead;  of  three  equivalents, 
^ris-nitrate  of  lead,  &c. 

§ 491.  We  have  already,  in  two  or  three  instances,  had 
recourse  to  a kind  of  short-hand  representation  of  the  compo- 
sition of  bodies,  formed  of  the  initial  letters  of  the  several 
elementary  substances  connected  together  by  Algebraical  signs 
and  numbers : the  convenience  of  such  a system  of  abbreviation 
in  many  cases,  is  obvious,  and  it  is  capable  of  considerable 
and  advantageous  extension,  proAuded  it  be  done  upon  a 
uniform  and  distinct  plan. 

Each  element  may  be  represented  by  the  initial  letter  of  its 
Latin  name,  adding  a smaller  letter  of  distinction  where  two  or 
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more  begin  with  the  same  letter,  and  the  sign  may  represent,  at 
the  same  time,  its  relative  combining  proportion  or  equivalent 
number.  Several  equivalents  of  the  same  substance  may  be 
indicated  by  placing  figures  before  the  letter.  Thus,  N,  will 
not  only  stand  for  nitrogen,  but  14  nitrogen,  and  4 N,  will 
denote  four  equivalents  of  that  element.  The  combinations  of 
elements  are  most  clearly  expressed  by  the  interposition  of  the 
Algebraic  sign  of  addition  + ; thus,  N + 5 O,  represents  the 
nitric  acidj  and  secondary  combinations  may  be  concisely,  and 
at  the  same  time  fully,  described  by  placing  the  elements  of 
each  proximate  principle  within  brackets,  or  by  connecting 
them  together  by  a line.  Thus  (N  + 5 O)  + (N  + .3  H,) 
represents  the  nitrate  of  ammonia,  andC  + 20  + N + 3H, 
the  carbonate  of  ammonia.  A figure  placed  by  the  side  of  a 
letter,  affects  only  the  equivalent  which  the  letter  represents; 
but  placed  outside  a bracket,  affects  all  the  symbols  "within: 
thus,  2 (C  + 2 O)  + (N  + 3 H,)  signifies  the  bicarbonate  of 
ammonia. 


§ 492.  The  system  of  notation,  however,  of  Doctor 
Liebig  has  now  nearly  superseded  every  other;  he  generally 
dispenses  with  the  use  of  the  Algebraic  signs,  and  effects  his 
object  by  the  mere  juxtaposition  of  the  letters  expressing  the 
equivalents  of  diflerent  bodies,  and  two  kinds  of  figures;  one 
large,  upon  the  line  with  the  letters  and  preceding  them,  the 
other  small  and  placed  below  the  line  after  the  letters.  The 
last  denote  only  the  number  of  equivalents  of  the  substance 
whose  letter  they  follow,  the  first  multiply  the  quantities  to 
■u'hich  they  are  prefixed. 


Thus  N stands  for  an  equivalent  of  Nitrogen. 


O 

NO 

NO 


no],  Nil 

5"  3 

CO,,  NH3 
2 CO,  + NH3 


Oxygen. 

Protoxide  of  nitrogen. 
Nitric  acid. 

Nitrate  of  ammonia. 
Carbonate  of  ammonia. 
Bicarbonate  of  ammonia. 


The  proximate  principles  of  a secondary  compound  being 
thus  separated  by  a comma,  or  by  the  sign  of  addition.  The 
system  will  be  amply  illustrated  as  we  proceed.  Other  con- 
venient abbreviations  we  shall  notice  as  occasion  may  require. 
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Compounds  of  Oxygen  and  Hydrogen. 

§ 493.  Besides  water,  there  is  another  compound  of 
oxygen  and  hydrogen,  which  is  of  late  discovery.  Its  prepa- 
ration is  founded  upon  the  property  which  the  peroxides  of 
some  metals  possess  of  throwing  off,  under  the  influence  of  an 
acid,  one  or  more  equivalents  of  their  oxygen,  by  which  they  are 
reduced  to  the  state  of  protoxides,  with  which  alone  the  acid 
can  combine.  Thus,  if  strong  sulphuric  acid  (or  oil  of  vitriol,) 
be  mixed  with  jperoxide  of  manganese,  pure  oxygen  gas  may  be 
collected  from  it  to  the  amount  of  one  equivalent,  while  only 
half  the  amount  can  be  collected  from  the  same  quantity  of  the 
peroxide,  by  heat,  in  the  process  which  we  formerly  described 
(§418).  A protoxide  of  manganese  is  thus  produced,  which 
forms  a salt  with  the  acid.  In  the  same  way  the  peroxide  of 
another  metal,  barium,  is  incapable  of  uniting  with  acids,  but 
passes  under  their  influence  into  the  state  of  protoxide,  which 
readily  enters  into  combination  with  them.  When  the  process 
is  conducted  with  the  necessary  precautions,  particularly  that  of 
maintaining  a low  temperature,  the  oxygen  which  is  set  free, 
instead  of  escaping  in  the  form  of  gas,  unites  with  the  hydrogen 
of  the  water,  and  constitutes  a binoxide  or  peroxide  of  that 
element.  The  process  is  long,  tedious,  and  expensive,  and  it  is 
not  necessary  for  our  purpose  to  enter  upon  its  details : the 
product  is  very  unstable,  and  can  only  be  preserved  in  glass 
tubes  surrounded  by  ice. 

§ 494.  Peroxide  of  hydrogen  is  a colourless  transparent 
liquid,  inodorous,  and  of  a metalhc  taste.  Its  specific  gravity  is 
1.452,  and  it  consequently  falls  to  the  bottom  of  water,  like 
syrup,  but  ultimately  mixes  with  that  hquid  in  any  proportion. 
It  evaporates  much  more  slowly  than  water  in  vacuo,  and, 
therefore,  its  solution  may  be  concentrated  under  the  receiver 
of  an  air-pump.  It  retains  its  liquid  state  at  great  degrees  of 
cold.  It  has  strong  bleaching  powers,  instantly  destroying 
vegetable  colours,  and  whitens  the  skin  and  the  tongue  when 
brought  into  contact  with  them.  It  is  decomposed  with  explo- 
sive violence  by  the  sudden  aj^plication  of  a temperature  of 
212°,  and  rapidly  evolves  oxygen  even  at  59°.  The  mere 
contact  of  most  metals  is  sufficient  to  decompose  it,  and  many 
peroxides  act  upon  it  with  surprising  energy.  With  oxide  of 
silver,  for  instance,  the  decomposition  is  complete  and  instan- 
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taneous ; oxygen  gas  is  evolved  so  rapidly  as  to  produce  a kind 
of  detonation ; and  such  intense  heat  is  disengaged  that  the 
glass  tube  in  which  the  experiment  is  conducted  becomes  red- 
hot.  Acids,  on  the  other  hand,  have  the  property  of  rendering 
the  compound  more  stable.  Its  careful  analysis  has  proved  it 
to  be  a definite  compound  of  one  equivalent  of  hydrogen  and 
two  equivalents  of  oxygen,  or  HOo  (114). 

Compounds  of  Carbon  and  Oxygen. 

§ 495.  We  have  seen  (§  445)  that  the  compound  which 
is  formed  by  the  direct  action  of  carbon  and  oxygen  uj)on  one 
another,  is  a gaseous  acid  in  which  the  proportions  of  the  two 
ingredients  are,  per  cent.  27.27  carbon,  and  72.73  oxygen:  this 
is  the  proportion  of  3 : 8,  and  if  this  were  the  only  combination 
of  the  two  elements,  3 would  be  the  equivalent  of  carbon  upon 
the  hydrogen  scale.  But  according  to  another  experiment 
(§481),  11  does  not  represent  the  equivalent  of  carbonic  acid, 
but  twice  11 ; for  56  parts  of  carbonic  acid  combine  with  44  of 
ammonia;  which  is  the  proportion  of  22  : 1 7.  Hence,  alone,  we 
may  suspect  that  carbonic  acid  contains  in  its  constitution  more 
than  one  equivalent  of  oxygen,  and  that  there  may  be  other 
compounds  of  the  two  elements. 

§ 496.  If  instead  of  exposing  carbonate  of  lime,  or  lime- 
stone, alone  to  a high  heat,  in  which  case  we  have  seen  (§  425) 
that  we  obtain  carbonic  acid,  we  mix  it  intimately  in  a pow- 


(114)-  The  constitution  of  the  peroxide  of  hydrogen  may  he  thus 
represented: — 


Liquid 

— Peroxide  of  Hydrogen.  17 


Hydrogen. 

Oxygen. 

8 

1 

Oxygen. 

8 

The  proportions  per  cent,  which  would  agree  with  this  view  would 
he : — 


Hydrogen 

Oxygen 


Theory.  Analysis  of  Tlienard. 

5.9  . . . 6.02 

94.1  . . . 93.98 

100.0  . . . 100.00 


We  can  have  no  hesitation  in  here  adopting  the  correction  wliich 
theory  affords  to  the  results  of  experiment. 
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dered  state  with  some  substance  which  has  a high  affinity  for 
oxygen,  as  charcoal  or  iron  filings,  we  shall  by  the  same  process 
obtain  a gaseous  product  which  may  be  collected  over  water. 

Carbonic  oxide  is  considerably  lighter  than  carbonic  acid, 
100  cubic  inches  only  weighing  30.2  grains.  It  is  speedily  fatal 
to  animals,  extinguishes  flame,  but  burns  with  a pale  blue 
flame  when  mixed  with  atmospheric  air.  It  is  colourless  and 
tasteless,  but  possesses  a faint  unpleasant  smell.  When  a jet 
of  it  is  burned  in  a cold  receiver,  no  water  is  condensed,  proving 
that  it  contains  no  hydrogen ; but  the  product  of  the  combus- 
tion precipitates  lime-water.  When  two  volumes  of  this  gas, 
and  one  of  oxygen,  are  exposed  to  an  electric  spark  detonation 
ensues,  and  two  volumes  of  carbonic  acid  are  produced : proving 
that  it  contains  half  as  much  oxygen  and  the  same  quantity  of 
carbon,  as  an  equal  volume  of  carbonic  acid.  In  the  latter 
substance,  we  have  6 carbon  combined  with  16  oxygen;  in  the 
former,  6 carbon  are  combined  with  8.  Hence,  we  conclude 
6 to  be  the  equivalent  of  carbon ; and  as  the  inflammable  gas 
has  no  acid  nor  alkaline  properties,  we  denominate  it  carbonic 
oxide.  In  the  process  just  described  for  making  it,  asthe  heat 
expels  carbonic  acid  from  the  carbonate,  the  charcoal  or  the 
iron  deprives  it  of  half  its  oxygen  (115). 

Tlie  formula  of  carbonic  oxide  is  . . CO 

„ of  carbonic  acid  ...  C Os 


(115)  Carbon,  as  we  have  already  stated  (§  423),  has  never  in  its 
elementary  state  been  raised  in  vapour;  but,  nevertheless,  in  such  of 
its  compounds  as  assume  the  gaseous  state,  its  constituent  particles 
must  have  a gaseous  arrangement.  Upon  the  hypothesis  that  like  all 
simple  substances,  except  oxygen,  it  enters  into  combination  in  whole 
volumes  of  its  vapour,  we  can  calculate  its  specific  gravity,  and 
represent  its  combinations  by  the  usual  symbols;  thus, — 


Oxygen. 

Carbon. 

8 

6 

and 


Oxygen. 

Carbon. 

8 

6 

Oxygen. 

8 

As  when  carbon  is  burnt  in  oxygen  gas,  the  latter  undergoes  no 
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§ 497-  There  is  another  compound  of  carbon  and  oxygen, 
wliich  stands  intermediate  in  constitution  between  carbonic 
oxide  and  carbonic  acid,  but  possesses  very  distinct  and  marked 
properties.  It  may  be  produced  by  acting  upon  almost  every 
A^egetable  substance  by  nitric  acid.  By  introducing  into  a retort 
one  part  of  sugar  and  four  parts  of  nitric  acid,  diluted  with  half 
its  bulk  of  water,  much  deutoxide  of  nitrogen  is  given  off ; and 
ujDon  evaporating  about  one-third  of  the  liquid,  the  remainder, 
upon  cooling,  will  shoot  into  white  crystals.  These  may  be 
purified  by  re-solution  and  crystallization,  and  will  then  be 
found  to  have  the  form  of  a right  rhombic  prism,  and  to  be 
intensely  acid.  They  are  soluble  in  nine  parts  of  water  at  60° ; 
when  carefully  exposed  to  a temperature  not  exceeding  100° 
Fahrenheit,  they  lose  about  one-third  of  their  weight  of  water, 
and  fall  into  a white  powder.  Water  thus  combined  with 
crystals  in  equivalent  proportions,  is  called  their  water  of  crys- 
tallization, and  they  can  part  with  it  without  interfering  with 
their  chemical  characters.  When  heated  to  about  330°  the 
acid  sublimes,  and  upon  cooling  forms  acicular  crystals.  Mixed 
■with  sulphuric  acid  and  gently  heated,  it  is  rapidly  resolved  into 
equal  volumes  of  carbonic  oxide  and  carbonic  acid.  According 
to  its  careful  analysis  it  is  composed  of  one  equivalent  of  each 
of  these  gases  united  in  the  cr)^stals  with  three  equivalents  of 
water,  and  in  the  sublimed  acid  with  one  equivalent;  without 
which,  like  the  nitric  acid,  it  cannot  exist  unless  in  combination 
with  a base.  The  sulphuric  acid  from  its  strong  attraction  for 
water  abstracts  it  entirely,  and  resolves  the  compound  into  its 
constituent  gases.  It  enters  into  combination  with  ammonia 


change  of  volume,  and  as  100  cubic  inches  of  carbonic  acid  weigh 
47.8  grains,  if  we  deduct  from  this  the  weight  of  100  cubic  inches  of 
oxygen,  34.6  grains,  the  remainder,  13.2  grains,  will  he  the  weight  of 
100  cubic  inches  of  the  vapour  of  carbon  upon  the  view  which  we 
have  just  stated.  Hence,  the  weight  of  100  cubic  inches  of  carbonic 
oxide  would  be; — 

100  cubic  inches  vapour  of  carbon  13.2 
50  cubic  inches  oxygen  . . . 17-3 

3(^ 

hich  agrees  with  the  result  of  direct  experiment. 

If  we  were  to  adopt  the  hypothesis  that,  like  oxygen,  carbon  enters 
into  combination  in  the  proportion  of  half  a volume  of  its  vapour,  it 
would  be  easy  to  modify  the  symbols  and  numbers  accordingly. 
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and  other  bases  in  the  equivalent  proportion  of  3G,  which 
agrees  with  the  equivalent  thus  derived  from  its  analysis : as 
C0+C02=36. 

It  is  called  the  oxalic  acid  as  being  a product  of  vegetation, 
and  found  in  the  oxalis  acetosella,  or  wood  sorrel,  in  combina- 
tion with  potassa. 

§ 498.  Oxalic  acid  may  be  artificially  formed  by  a totally 
different  process  to  that  which  has  been  just  described;  and 
perhaps  nothing  can  better  show  the  fixedness  of  chemical 
combinations  than  the  contrast  of  the  two.  When  sugar  or 
saw-dust  is  heated  to  a temperature  of  about  400°,  in  contact 
with  four  or  five  times  its  weight  of  potassa,  they  fuse  together, 
swell  up,  and  give  out  hydrogen.  When  the  remaining  mass  is 
dissolved  in  water  and  gently  evaporated,  crystals  of  oxalate  of 
potassa  may  be  obtained  from  it.  Under  the  influence  of  the 
alkali,  at  a high  temperature,  the  carbon  derives  the  oxygen 
which  is  necessary  for  its  conversion  into  oxalic  acid,  from  the 
decomj)osition  of  water  and  the  evolution  of  hydrogen : under 
the  influence  of  the  nitric  acid,  it  derives  the  same  amount 
from  the  decomposition  of  the  acid,  and  the  evolution  of 
deutoxide  of  nitrogen. 

The  oxalic  acid  very  readily  takes  the  oxygen  which  is 
necessary  for  its  conversion  into  carbonic  acid  from  other  com- 
pounds, and  thus,  when  its  solution  is  poured  into  a solution  of 
nitrate  of  mercury  and  some  other  metallic  salts,  the  oxide  is 
decomposed,  and  the  metal  is  precipitated.  One  equivalent  of 
oxalic  acid  is  thus  converted  into  tv'O  equivalents  of  carbonic 
acid,  by  the  absorption  of  one  equivalent  of  oxygen,  CO, 
C02  + 0=2C02. 

Compounds  of  Carbon  and  Hydrogen. 

§ 499.  A history  of  aU  the  combinations  of  carbon  would 
comju'ise  the  whole  range  of  organic  chemistry  : and  an 
account  of  all  its  compounds  with  hy’^drogen,  which  stand  next 
in  the  order  of  our  inquiry,  would  be  little  less  extensive.  We 
shall  hereafter  attemjit  an  outline  of  the  philosophy  of  this 
department  of  chemistry  which  may  sen^e  as  some  guide  to  the 
student  through  the  immense  and  almost  bewildering  multiiili- 
city  of  facts  and  speculations  which  the  activity  of  modern 
investigation  has  heaped  upon  it : in  the  mean  time,  not  to  pass 
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over  the  peculiar  illustrations  which  this  important  element 
affords  of  the  nature  and  action  of  the  force  of  affinity,  we  wdll 
proceed  to  examine  two  of  the  most  simple  compounds  of 
carbon  and  hydrogen,  both  of  which  are  natural  products  in 
particular  situations.  We  can,  however,  best  obtain  them  for 
experiment  by  processes  which  we  w’ill  describe  without,  at 
present,  attempting  their  explanation. 

§ 500.  If  a measure  of  alcohol  be  mixed  wdth  two 
measures  of  sulphuric  acid,  placed  in  a retort,  and  a gentle  heat 
applied,  the  mixture  will  very  soon  blacken,  become  thick,  swell 
up,  and  give  off  gaseous  matter,  which  may  be  collected  over 
water.  When  this  gas  has  been  well  washed  with  lime  water, 
it  has  a specific  gravity  of  about  980,  and  100  cubic  inches 
weigh  nearly  30  grains.  When  quite  pure  it  has  but  little  odour, 
and  is  colourless.  It  burns  in  the  atmosphere  with  a bright 
yellowish  flame.  It  wiU  not  support  life,  and  instantly  extin- 
guishes flame.  When  one  volume  of  this  gas  is  mixed  with 
five  of  oxygen,  the  mixture  will  detonate  by  the  electric  spark. 
Three  volumes  only  of  the  oxygen  will  be  consumed,  and  two 
volumes  of  carbonic  acid  will  be  produced  with  water.  Two 
volumes  of  carbonic  acid  indicate  two  equivalents  of  carbon, 
which  must  previously  have  been  combined  with  two  volumes 
of  hydrogen,  which  now  form  water  with  the  remaining  volume 
of  oxygen,  and  the  Avhole  must  have  been  condensed  into  one 
volume.  Tills  deduction  is  confirmed  by  the  specific  gravity 
of  the  gas.  It  has  been  named  bi-hydro-carbon,  and  is  sometimes 
called  olefiant  gas,  from  a property  to  which  we  shall  hereafter 
refer.  The  results  of  its  detonation  with  oxygen  gas  may  be 
expressed  in  symbols  thus  : 

C.H*  -p  60  = 2CO^,  2 HO 

Olefiant  gas  may  be  decomposed  by  mere  heat,  and  by 
passing  it  through  tubes  heated  to  a white  heat,  it  will  deposit 
the  whole  of  its  carbon,  and  become  expanded  into  two  volumes 
of  pure  hydrogen. 

§ 501.  At  a lower  temperature,  or  a red  heat,  it  parts 
with  only  half  its  carbon,  without  expansion  of  volume,  and  is 
converted  into  another  compound  of  the  same  elements,  named 
sub-carburetted  hydrogen. 

1 his  gas  is  abundantly  formed  in  stagnant  pools  of  water  by 
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the  spontaneous  decomposition  of  vegetable  matters,  and  may 
be  procured  by  stirring  up  the  mud,  and  collecting  it  in  inverted 
bottles.  It  is  also  given  out  by  certain  seams  of  coal  in  coal- 
mines, and  constitutes  what  the  miners  call  the  fire-damp.  Coal 
when  subjected  to  distillation  in  iron  retorts  gives  off  this  gas 
mixed  wdth  the  former  in  abundance,  and  the  mixture  constitutes 
the  common  coal  gas  which  is  now  so  largely  employed  for  the 
purposes  of  illumination. 

It  may  be  obtained  pure  by  the  decomposition  of  a vegetable 
salt  known  by  the  name  of  acetate  of  potassa.  About  equal 
parts  of  this  salt  and  hydrate  of  potassa  are  to  be  mixed  and 
heated  nearly  to  redness  in  a glass  retort;  subcarburetted 
hydrogen  will  pass  off  and  may  be  collected  over  water. 

§ 502.  Subcarburetted  hydrogen  is  a '"colourless,  taste- 
less, permanent  gas,  soluble  in  very  minute  proportions  in 
water,  and  inflammable.  It  burns  with  a yellow  flame,  but  does 
not  give  out  so  much  light  as ' the  bihydrocarbon ; 100  cubic 
inches  only  weigh  16.94  grains.  When  mixed  with  atmospheric 
air,  or  oxygen,  in  certain  proportions,  it  explodes  with  great 
violence  upon  contact  with  flame,  or  an  electric  spark.  To 
decompose  it  completely,  it  is  necessary  to  mix  it  with  rather 
more  than  twice  its  bulk  of  oxygen,  but  exactly  two  volumes 
are  taken  up  by  one.  Water  and  carbonic  acid  are  produced, 
the  latter  being  exactly  equal  to  the  original  bulk  of  the  in- 
flammable gas.  From  these  data,  it  is  easily  inferred  to  be  a 
compound  of  two  equivalents  of  hydrogen  and  one  of  carbon 
condensed  into  one  volume. 

CH,  + 40  = CO,,  2 HO 

§ 503.  Now,  all  the  common  but  highly  interesting 
phenomena  of  flame  are  dependent  chiefly  upon  the  gradual 
combustion  of  the  various  elastic  compounds  of  carbon  and 
hydrogen,  and  we  must  turn  aside  for  a short  time  to  examine 
the  constitution  of  this  purest  form  of  the  classical  element,  flre, 
the  properties  of  w^hich  could  not  have  been  satisfactorily 
illustrated  without  some  previous  acquaintance  with  these  forms 
of  matter.  Flame  is,  in  all  ordinary  cases,  the  combustion  of 
explosive  mixtures  of  inflammable  gases  or  vapours  with 
common  air,  in  different  proportions;  and,  when  continuous,  is 
maintained  by  an  uninterrupted  flow  of  these  elastic  fluids  into 
the  atmosphere,  with  which  they  slowly  mingle.  The  mixture 
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takes  place  chiefly  at  the  surfaces  of  the  gases  in  contact^  and 
consequently  the  inflammation  is  only  superficial;  a sheet  of  flame 
surrounding,  as  it  were,  a reseiwoir  of  gaseous  combustible  matter. 
There  are  many  ways  of  proving  this;  as  by  bringing  a thin 
sheet  of  platinum  foil  down  upon  the  flame  of  a large  spirit- 
lamjJ,  and  thus  truncating  it,  when  a red-hot  ring  will  appear 
upon  the  metal  coincident  with  the  edge  of  the  flame,  and 
testifying  by  its  dark  centre  to  the  coldness  of  the  interior.  A 
piece  of  paper  brought  suddenly  down  upon  the  flame  of  a 
candle  will  often  illustrate  the  same  fact,  by  exhibiting  a 
scorched  ring  surrounding  a white  centre  (116). 

If  we  ignite  a piece  of  phosphorus  in  a metallic  spoon,  and 
plunge  it  into  the  body  of  a large  flame,  it  will  be  instantly 
extinguished,  owing  to  the  want  of  oxygen  to  maintain  its  com- 
bustion; and  it  will  thus  afford  a very  striking  proof  of  the 
point  in  question.  The  ordinary  tapering  form  of  flame  is 
owing  to  the  ascensional  force  of  the  heated  gases  rising  in  the 
cold  surrounding  medium. 

§ 504.  The  quantity  of  light  which  flame  emits  is  depen- 
dent upon  the  incandescence  of  minute  particles  of  solid  matter, 
which  are  thrown  off  during  the  combustion,  and  those  flames 
whose  immediate  products  are  only  gaseous  matter  give  very 
little  light.  We  have  already  noticed  (§  287)  that  an  ignited 


(116)  In  fig.  1 we  are  presented  with  a horizontal  section  of  the 
flame  of  a candle,  exhibiting  the  ring  of  light  surrounding  the  interior 
dark  part  of  the  cone. 

Fig.  2 exhibits  a peiq>endicular  section  of  the  flame. 

By  inserting  a small  glass  tube,  a 6,  fig.  3,  into  the  central  dark 
part,  fl,  the  inflammable  gaseous  matter  of  which  it  consists  will 
ascend  in  it,  and  may  be  lightcdjso  as  to  form  a second  flame  at  a 
distance  fiom  the  first. 


Fig.  1. 


Fig.  2. 


Fig.  a. 
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jet  of  mixed  oxygen  and  hydrogen,  notwithstanding  its  great 
heating  powers,  is  scarcely  visible  in  day-light;  but  that  solid 
bodies,  such  as  platinum,  and  particularly  lime,  held  in  it, 
radiate  light  of  great  intensity.  If  some  solid  body,  as  oxide  of 
zinc,  or  powdered  charcoal,  be  projected  through  a flame  of 
hydrogen,  it  immediately  becomes  luminous. 

The  dilferent  forms  of  hydro-carbon,  as  the  compounds  of 
hydrogen  and  carbon  are  generically  called,  give  out  light  in 
consequence  of  the  particles  of  sohd  carbon  which  they  dis- 
engage during  their  combustion,  and  they  are  luminous  in 
proportion  to  the  carbon  which  they  contain.  When  the  com- 
bustion is  perfect,  the  solid  matter  itself  is  wholly  burnt,  and 
when  there  is  an  excess  of  oxygen  but  little  light  is  given  off"; 
but  if  the  quantity  of  oxygen  be  deficient,  it  is  deposited  in  the 
form  of  soot.  The  perfection  of  a lamp,  or  candle,  or  other 
means  of  artificial  illumination,  consists  in  such  a regular 
supply  of  air  to  the  hydrocarbon  emj^loyed,  as  is  compatible 
with  the  gradual  precipitation  of  the  charcoal,  and  its  sub- 
sequent complete  oxidation. 

§ 505.  For  the  purpose  of  increasing  the  heat  of  flames, 
and  concentrating  it  upon  any  desired  point,  common  air,  and 
sometimes  oxygen,  is  projected  into  their  interior  by  means  of 
what  are  called  blowpipes,  or  tubes  of  glass  or  metal  prepared 
for  the  purpose.  Combustion  is  thus  carried  on  in  the  interior 
as  well  as  the  exterior  of  a flame,  and  its  completeness  is  showm" 
by  the  conversion  of  the  smoky,  red  light  of  a lamp  into  a 
beautiful  cone  of  pale  blue  light. 

§ 506.  The  heat  of  flames,  even  of  those  which  give  least 
light,  as  of  hydrogen  and  spirits  of  wine,  is  very  great,  and  is 
essential  to  their  existence.  The  combustion  of  many  inflam- 
mable substances  may  be  carried  on  at  a temperature  beloAV 
that  which  is  necessary  to  their  inflammation  (117)-  Thus,  if  a 
jet  of  the  gaseous  hydrocarbons  be  allowed  to  escape  into  the 
air,  and  a red-hot  coil  of  platinum  wire  be  introduced  into  it,  the 


(117)  Two  arrangements  for  effecting  this  slow  combustion  are 
here  represented. 

In  fig.  1 a small  coil  of  fine  platinum  wire  is  placed  upon  the 
wick  of  a lamp,  trimmed  either  with  spirit  of  wine  or  ether.  The 
lamp  is  lighted,  and  when  the  wire  has  become  red-hot  the  flame  is 
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wire  will  be  maintained  at  a red  heat,  and  the  gas  will  be 
consumed  invisibly;  but  if  the  temperature  of  the  wire  be 
allowed  to  rise  to  a white  heat,  it  immediately  bursts  into 
flame. 

This  being  the  case,  it  follows  that  flame  may  be  put  out  by 
coohng  the  combining  gases;  and  accordingly  if  we  bring  a 
cyhnder  of  brass  down  upon  a jet  of  burning  vapour  or  gas,  we 
shall  diminish  its  volume,  and  possibly  extinguish  it  by  its  good 
conducting  power.  If  a stout  metallic  wire  be  held  in  a flame, 
a dark  ring  may  be  observed  all  round  it,  and  it  will  never 
appear  to  touch  it.  A second  wire  held  by  the  side  of  the  first 
would  increase  the  dark  space,  and  the  dark  rings  would 
coalesce.  By  multiplying  the  number  of  wires,  or  holding  a 
piece  of  wire  gauze  in  their  place,  the  flame  would  appear  to  be 
entirely  cut  off"  on  the  top.  The  cooled  gases,  however,  would 
still  flow  on  in  their  course,  and  might  l)e  rekindled  upon  the 
upper  side.  Science  is  indebted  to  Sir  Humphry  Davy  for  the 
development  of  these  principles,  and  the  arts  and  humanity  owe 
to  the  same  illustrious  philosopher  their  successful  application 
to  the  invention  of  the  miner’s  safety-lamp  (118). 

suddenly  extinguished.  The  wire  will  continue  to  glow  as  long  as 
any  of  the  combustible  liquid  remains  to  maintain  the  temperature  by 
its  slow  combustion. 


In  fig.  2 we  are  presented  with  a coil  of  fine  platinum  wire,  which 
has  been  previously  heated  by  holding  it  in  the  flame  of  a spirit  lamp, 
and  then  plunged  into  a jar  containing  a little  ether.  It  will  continue 
to  glow  in  the  mixture  of  vapour  and  air  till  the  ether  is  all  con- 
sumed. If  the  temperature  should  rise  to  a white  heat,  the  whole  will 
burst  into  flame. 

(118)  In  fig.  1,  next  page,  we  are  presented  with  the  appearance  of 
a flame,  upon  which  a piece  of  wire  gauze  has  been  brought  down.  The 
flame  is  cut  off  where  it  touches  the  gauze,  and  the  exterior  luminous 
circle  is  very  visible.  We  seem  to  look  down  into  the  reservoir  of 
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Compounds  of  Carbon  and  Nitrogen. 

§ 507.  Carbon  and  nitrogen  may  be  made  to  comlnne 
together  directly  at  a red  heat,  provided  some  substance  be 
present  with  which  the  compound  may  unite  to  render  it 
capable  of  resisting  the  high  temperature  which  would  decom- 
pose it  in  an  insulated  state.  If  a mixture  be  made  of  equal 
weights  of  charcoal  and  carbonate  of  potassa, , and  placed  in  a 
porcelain  tube,  and  raised  to  a red  heat,  upon  passing  nitrogen 
through  it,  it  will  combine  with  the  carbon;  and  carbonic 
oxide  will  be  given  olf  from  the  decomposition  of  the  car-  , 
bonic  acid  in  the  salt.  When  the  evolution  of  this  gas  ceases 
and  nitrogen  begins  to  pass  over  unchanged,  the  process  is  , 
complete.  Upon  treating  the  solid  matter  with  water  and  1 

filtration,  a solution  will  be  obtained  which  contains  the  com-  I 

. . ....  I 

pound  m question.  For  the  purpose  of  obtaining  it  m a ] 

state  of  insulation  it  must  first  be  transferred  to  silver,  which 


inflammable  gases  which  is  inclosed  by  the  sheet  of  ignited  matter. 
The  gases  and  smoke  pass  through,  but  are  cooled  and  extinguished. 

By  presenting  a flame  to  them  on  the  upper  side,  they  may  be 
rekindled,  as  exhibited  in  fig.  2. 


Fig.  1.  Fig.  2. 

The  “ Davy,”  or  miner’s  safety-lamp,  is  here  repre- 
sented. A is  a cylinder  of  w'ire  gauze  with  a double  top, 
securely  fastened  to  the  brass  rim,  B,  which  screws  on  to 
^ the  lamp,  c.  The  whole  is  protected  and  rendered  port- 
able by  the  frame  and  ring,  n.  Gaseous  matter  freely 
penetrates  through  the  meshes  of  the  ivire  gauze,  and  the 
combustion  of  the  interior  flame  is  maintained.  Should 
an  explosive  mixture  enter  the  lamp,  it  is  kindled  at  the 
flame  and  burns,  but  under  ordinary  circumstances  the 
inflammation  cannot  pass  the  barrier  of  the  cage,  owing  to 
its  cooling  the  mixture  below  the  temperature  necessary 
to  the  process.  Should  the  wires  themselves,  however, 
become  white-hot,  or  the  gases  be  forcibly  projected 
through  them,  detonation  of  the  exterior  explosive 
atmosphere  would  take  place. 
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may  be  effected  by  mixing  the  solution  with  a solution  of 
nitrate  of  silver.  A precipitate  will  be  formed,  which,  after 
washing  and  drying,  may  be  exposed  to  heat  in  a small  glass 
retort;  a gas  wiU  be  given  off,  which  as  it  is  soluble  in  water 
must  be  collected  over  mercury.  It  may  also  be  obtained  from 
the  crystals  of  a similar  saline  body  known  by  the  name  of 
deiito-cyanide  of  mercury,  the  formation  of  which,  from  animal 
matters,  udU  be  hereafter  explained. 

§ 508.  Upon  exposing  these  crystals  to  a moderate  heat, 
they  first  give  off  water  of  crystallization,  and  fall  into  a gray 
jmwder.  When  this  anhydrous  cyanide  of  mercury  is  exposed 
to  a red  heat  in  a glass  retort,  it  turns  to  deep  brown  colour, 
metallic  mercurj'  distils  over,  and  a gaseous  compound  is  given 
off  which  may  be  collected  over  mercury. 

When  generated  in  a confined  space,  it  liquefies  at  a pressure 
of  between  three  or  four  atmospheres  at  the  temperature  of  45°. 
The  liquid  is  colourless  and  limpid,  and,  when  relieved  from 
pressure,  speedily  evaporates  with  the  production  of  intense 
cold. 

The  gas  is  colourless,  and  has  a penetrating,  very  peculiar 
smeU.  When  a lighted  taper  is  dipped  into  a jar  containing  it, 
it  is  immediately  extinguished,  but  the  gas  itself  burns  in  the 
air  with  a beautiful  purple  flame  edged  with  blue,  which  is  very 
characteristic.  100  cubic  inches  weigh  55.5  grains.  It  sustains 
the  application  of  a high  heat  without  undergoing  decomposition. 
Water  dissolves  about  4^  times,  and  alcohol  23  times  its  bulk 
of  this  gas. 

It  may  be  detonated  with  oxygen;  and  its  analysis  may  be 
effected  in  this  way,  or  by  passing  it  over  red-hot  oxide  of 
copper.  One  volume  mixed  with  two  of  oxygen,  and  fired  by 
the  electric  spark,  afford  exactly  two  volumes  of  carbonic  acid 
and  one  volume  of  nitrogen.  Whence  it  appears  to  be  a 
compound  of  two  equivalents  of  carbon  and  one  of  nitrogen. 
According  to  the  principles  of  the  scientific  nomenclature,  its 
name  would  be  bi-car  buret  of  nitrogen:  but  it  is  more  fre- 
quently denominated  cyanogen,  from  its  entering  into  the 
composition  of  a blue  compound  with  iron,  to  be  hereafter 
noticed. 

The  result  of  its  analysis  by  oxygen  is  thus  represented  in 
symbols; 

CgN  -I-  4 O = 2 C02,N 
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§ 509.  The  brown  matter  which  is  left  in  the  retort  after 
the  decomposition  of  cyanide  of  mercurj'^,  is  also  a compound 
of  carbon  and  nitrogen  in  exactly  the  same  proportions;  and  we 
have  here  a curious  and  important  fact  with  regard  to  chemical 
combination,  brought  for  the  first  time  under  our  notice; 
namely, — that  compounds  may  be  formed  of  the  same  elements, 
in  the  same  proportions  to  each  other,  which  may  yet  diflFer  essen- 
tially both  in  their  physical  and  chemical  properties.  The  facts 
regarding  such  a constitution  of  bodies  are  grouped  together 
under  the  term  isomerism;  and  such  compounds  are  said  to  be 
isomeric  with  their  analogues:  we  shall  have  occasion  to  describe 
several  such  compounds  in  the  progress  of  our  inquirj’^,  and  we 
shall  find  them  chiefly  amongst  the  combinations  of  carbon. 
We  are  led  from  such  facts  to  conclude,  that  a definite,  specific, 
condensation,  approximation,  or  arrangement  in  space,  of  the 
constituent  particles  of  a compound  is  no  less  essential  to  its 
individual  constitution  than  a certain  proportion  between  its 
heterogeneous  ingredients.  The  nature  of  such  a variety  of 
composition  is  clearly  revealed  by  the  difference  between  the 
equivalents  of  the  isomeric  bodies  in  entering  into  combination 
with  other  bodies,  and  by  the  volume  which  they  occupy  as 
gases,  compared  with  the  volumes  of  the  elements  of  which 
they  consist.  The  isomeric  compound  of  cyanogen  is  also 
formed  when  a solution  of  cyanogen  in  alcohol  is  left  to  time, 
and  is  sometimes  produced  in  charring  animal  substances.  It 
has  been  called  para-cyanogen.  When  heated  in  the  air,  part 
of  the  carbon  burns  away,  and  a residue  is  obtained  which 
consists  of  one  equivalent  of  carbon  and  one  of  nitrogen,  which 
may  be  denominated  t\ve  proto-carburet  of  nitrogen. 

§ 510.  A more  intimate  acquaintance  with  the  primary 
compounds  of  carbon  has  lately  discovered  to  the  view  of 
chemists  a mode  of  secondary  combination,  which  appears  to  be 
very  different  from  that  of  acids  with  bases.  It  seems  to  be 
almost  peculiar  to  this  Proteus  of  the  elementary  substances, 
and  its  development  is  of  the  utmost  consequence  to  a clear 
understanding  of  organic  compounds,  of  which  carbon  consti- 
tutes the  basis.  Its  first  illustration  may  be  best  taken  from 
the  combinations  of  cyanogen. 

§ 511.  Cyanogen  is  neither  acid  nor  alkaline  in  its 
nature,  and  it  has  little  disposition  to  enter  into  coml)ination 
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with  metallic  oxides ; but  it  has  a remarkable  tendency  to 
comlhne  with  elementary  substances  in  a manner  perfectly 
analogous  to  that  of  the  simple  gaseous  substances  which  we 
have  been  examining.  When  potassium,  for  example,  is  heated 
in  cyanogen  gas,  the  metal  combines  with  the  gas  with  great 
energy,  and  becomes  incandescent.  The  sahne  mass  which 
results  must  obviously  be  a ternary  compound  of  carbon, 
nitrogen,  and  potassium : or  2 C,N,Ka ; but  it  may  be  more 
advantageously  regarded  as  a binary  compound  of  cyanogen  and 
the  metal,  or  C2N,Ka.  Similar  compounds  maybe  formed  with 
all  the  metals,  and  from  their  analogy  to  the  class  of  oxides 
they  are  denominated  cyanides.  The  deutocyanides  of  mercury 
and  silver,  which  we  described  as  the  source  from  which  c}^an- 
ogenmay  be  procured,  are  also  instances  of  this  binary  combi- 
nation. 


§ 512.  It  also  forms  compounds  with  the  non-metallic 
elements,  which  are  of  high  importance  and  interest,  inasmuch 
as  they  are  of  an  acid  quality,  and  are  capable  of  entering  into 
secondary  combination  with  the  bases.  We  wiU  illustrate  this 
by  shortly  examining  its  combination  with  hydrogen,  but  the 
more  complete  examination  of  its  compounds  must  be  reserved 
till  we  come  to  treat  of  organic  chemistry. 


Binary  Compounds  of  Cyanogen. 

§ 51.S.  The  compound  of  cyanogen  and  hydrogen  cannot 
be  obtained  by  the  direct  action  of  the  two  substances,  but  may 
be  formed  by  double  elective  affinity,  by  passing  some  of  the 
compounds  of  hydrogen  over  deutocyanide  of  mercury.  Such 
a compound  may  be  obtained  by  acting  upon  a combination 
of  sulphur  and  iron  with  dilute  sulphuric  acid,  in  which  case, 
instead  of  pure  hydrogen,  a definite  compound  of  hydrogen  and 
sulphur  is  evolved,  which  we  shall  hereafter  examine. 

By  passing  a current  of  this  gas  over  the  deutocyanide  of 
mercury  in  a horizontal  glass  tube,  double  decomposition  ensues; 
the  sulphur  combines  with  the  metal,  and  the  cyanogen  with  the 
hydrogen;  and  the  latter  compound,  being  very  volatile  is 
easily  driven  over  by  a gentle  heat  into  a cooled  receiver  placed 
for  its  reception. 

It  is  a colourless  liquid  of  a strong  pungent  odour,  something 
resembling,  when  diluted,  that  of  peach-blossoms.  Its  taste  is 
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said  to  be  acrid ; but  it  is  so  extremely  poisonous,  that  a drop 
falling  upon  the  arm  of  a man  has  been  known  to  occasion 
death.  Great  care  should  be  taken  not  to  inhale  its  vapour.  It  is 
extremely  volatile,  and  generates  so  much  cold  during  its  evapo- 
ration that  a drop  placed  upon  a piece  of  glass  will  spontaneously 
freeze.  It  boils  at  a temperature  of  80°.  Its  vapour  takes  fire 
upon  the  approach  of  flame,  and  when  mixed  with  oxygen,  may 
be  detonated  by  the  electric  spark.  It  feebly  reddens  litmus 
paper.  Its  specific  gravity  at  45°  is  0.705,  and  that  of  its 
vapour  0.947. 

§ 514.  Two  volumes  of  the  vapour  require  two  volumes 
and  a half  of  oxygen  for  their  perfect  combustion ; and  two 
volumes  of  carbonic  acid,  with  one  volume  of  nitrogen,  and 
water,  are  the  products.  These  results  indicate  two  equivalents 
of  carbon,  one  of  hydrogen,  and  one  of  nitrogen,  as  the  elements 
of  the  acid.  When  potassium  is  heated  in  this  vapour,  cyanide 
of  potassium  is  formed,  and  hydrogen,  equal  to  half  the  volume 
of  the  acid,  is  disengaged.  It  is  therefore  a compound  of  equal 
volumes  of  cyanogen  and  hydrogen.  The  results  of  the  analysis 
may  be  thus  stated : — 

Ni[ro™e„  stsh  ' Eqalralent  of  Cyanogen.  26 

Hydrogen  3.7  = 1 „ Hydrogen.  1 

100.0  27 


§ 515.  It  is  sometimes  called  Prussic  acid  as  being 
derived  from  the  Prussian  blue ; but  the  scientific  nomenclature 
distinguishes  the  class  of  acids,  into  the  composition  of  which 
hydrogen  enters,  by  the  prefix  hydro, — and  hence  it  is  also 
called  the  hydro-cyanic  acid. 

The  symbolic  rej^resentation  of  the  results  of  its  detonation 
with  oxygen  is  as  follows  : — 

hCT  -f  5 0 HO,  N 

The  symbol  of  cyanogen  is  sometimes  contracted  into  Cy. 

H,C^  = HCy 

§ 516.  Hydrocyanic  acid  forms  a salt  by  combining  with 
ammonia,  in  their  respective  equivalents  27  and  17 : it  crys- 
tallizes in  cubes  or  small  prisms,  and  is  very  volatile.  It  may  be 
formed  in  abundance  l)y  passing  ammonia  over  red-hot  charcoal. 
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The  hydrocyanic  acid  also  enters  into  combination  with  the 
oxygen  bases ; but  the  binar)’^  compound  of  cyanogen  and  the 
metal  is  the  general  result,  as  the  hydrogen  of  the  acid  and  the 
oxygen  of  the  base  are  in  exact  proportion  to  form  water 
together.  Thus,  cyanide  of  potassium  is  formed  by  neutralizing 
potassa  with  hydrocyanic  acid,  and  when  red  oxide  of  mercury 
is  shaken  up  wdth  the  same  acid  it  loses  its  colour,  and  deuto- 
cyanide  of  mercury  is  found  in  solution. 

C^,  KO  = CyK,  HO 
2C^,  HgO  Cy„Hg,  2 HO 

§ 517.  Cyanogen  also  generates  three  isomeric  acids  by 
combination  with  oxygen ; but  the  process  by  which  they  may 
be  formed  and  insulated  from  their  combinations  is  circuit- 
ous. By  exposing  a mixture  of  peroxide  of  manganese  and 
ferrocyanide  of  potassium  (a  salt  which  may  be  made  by  the 
action  of  potassa  upon  animal  substances,)  to  a dull  red  heat,  in 
an  iron  pot,  and  boiling  the  resulting  compound  in  alcohol, 
another  salt  may  be  obtained  in  tabular  crystals  consisting  of 
the  acid  in  question,  or  cyanic  acid,  in  combination  with  potassa, 
and  which  may  therefore  be  distinguished  by  the  name  of 
cyanate  of  potassa.  The  explanation  of  these  processes  will  be 
given  hereafter. 

The  acid  may  be  transferred  from  the  potassa  to  the  oxides 
of  lead,  mercury,  or  silver,  by  double  decomposition  with  the 
salts  of  those  metals  with  which  it  forms  insoluble  compounds, 
and  from  these  it  may  be  disengaged  by  sulphuretted  hydrogen, 
the  sulphur  of  which  combines  with  the  metal,  and  the  hydrogen 
with  its  oxygen.  It  is  thus  obtained  as  a sour  liquid,  smelling 
something  like  vinegar,  and  very  prone  to  spontaneous  decom- 
position. 

§ 518.  According  to  its  analysis,  the  cyanic  acid  is  a 
compound  of  one  equivalent  of  cyanogen  and  one  equivalent  of 
oxygen,  CgN,  O.  It  is  readily  converted  into  carbonate  of 
ammonia,  by  merely  boiling  its  solution,  or  that  of  any  of  its 
salts ; a change  which  an  attentive  consideration  of  its  symbol, 
in  connexion  with  that  of  water,  will  readily  explain ; for  one 
equivalent  of  cyanic  acid,  with  three  equivalents  of  water,  are 
exactly  equal  to  one  equivalent  of  bicarbonate  of  ammonia : 
thus, — 

Cyanic  Acid.  Water.  Carb.  Acid.  Ammonia. 

CjNjO  -1-  3 HO  = 2CO„  -f  NH, 
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§ 519.  An  isomeric  compound  of  cyanogen  and  oxygen 
may  be  formed,  whose  properties  are  very  different  from  those 
of  the  cyanic  acid.  By  boiling  together  a solution  of  nitrate  of 
mercury  or  nitrate  of  silver  in  alcohol,  an  effervescence  takes 
place : and  a gray  powder  gradually  subsides  from  the  solution, 
which  is  the  compound  in  question  in  combination  with  the 
oxide  of  the  metal  employed.  It  is  a very  dangerous  fulminating 
powder,  which  detonates  violently  by  heat  or  percussion,  and 
sometimes  by  the  slightest  friction.  The  acid  in  union  with  the 
oxide  has  hence  been  distinguished  as  the  fulminic  acid.  The  ; 
gases  evolved  by  the  explosion  of  the  fulminates  of  silver  or 
mercury  are  carbonic  acid  and  nitrogen,  and  their  exact  analysis 
proves  the  fulminic  acid  to  have  exactly  the  same  proportion 
between  its  ingredients  as  the  cyanic  acid,  but  the  amount  of 
its  equivalent  is  double  : its  symbol  being 

2 (C2N)0  or  Cy^Og 

It  cannot  be  obtained  in  the  separate  state,  as  it  is  instantly 
decomposed  when  separated  from  bases  by  stronger  acids. 

The  cyanuric  acid  is  also  a compound  of  cyanogen  and 
oxygen  united  with  the  elements  of  water : its  formula  is 
3 (C2N)Oa,  3 HO.  It  may  be  obtained  by  the  action  of  heat 
upon  an  organic  acid  called  the  uric  acid,  or  an  organic  base 
named  urea.  It  is  colourless  and  nearly  tasteless,  with  a very 
shght  acid  reaction,  and  may  be  obtained  in  crystals.  In  the 
compounds  of  this  acid  the  three  equivalents  of  water  are 
replaced  in  whole  or  in  part  by  the  metallic  oxides. 

§ 520.  The  elementary  character  and  analogies  of  cyano- 
gen are  fully  maintained,  as  we  shall  have  occasion  hereafter  to 
point  out,  in  all  its  combinations  with  those  elements  which 
have  not  yet  passed  under  our  review. 

§ 521.  Compound  bodies  which  thus  enter  into  combi- 
nation after  the  manner  of  simple  substances  are  called  radicles, 
and  they  will  require  a considerable  portion  of  our  attention 
when  we  come  to  organic  chemistry.  But  although  we  must 
defer  the  full  consideration  of  the  subject  for  the  present,  we 
may  make  a few  observations  upon  the  definite  combinations  of 
water,  which  sometimes  plays  the  part  of  one  of  these  compound 
radicles.  We  have  already  seen  that  it  enters  into  the  compo- 
sition of  certain  salts,  in  its  equivalent  proportion,  or  some 
multiple  of  it,  and  that  it  then  goes  by  the  name  of  ivaler  of 
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crystallization  (§  497)-  Sometimes  a salt  will  spontaneously 
part  with  one  equivalent  at  ordinary  temperature,  in  a dry 
atmosphere,  and  then  loses  its  transparency  and  crystalline 
texture,  and  falls  into  a powder:  it  is  then  said  to  effloresce. 
Most  salts  give  olf  the  whole  of  their  water  at  a high  tempera- 
ture. Some  salts  lose  their  colour  when  anhydrous,  (as  the 
sulphates  of  copper  and  iron,)  and  recover  it  again  upon  having 
it  restored,  but  their  more  salient  chemical  properties  are  not 
altered  by  the  change. 

§ 522.  AVater  again  enters  into  definite  combination  with 
the  oxides  of  the  different  metals,  which  are  then  called  hydrates, 
or  are  said  to  be  hydrated.  So  intimate  is  this  union,  that  no 
degree  of  heat  is  capable  of  driving  off  the  water  from  some  of 
these  compounds;  although  on  entering  into  combination  with 
acids  the  alkali  often  separates  from  it. 

§ 523.  We  have  also  seen  that  water  combines  in  its 
equivalent  proportions  with  certain  acids;  which,  in  fact,  are 
not  capable  of  existing  in  a state  of  insulation  from  bases  unless 
their  elements  are  bound  together  by  its  attraction.  This  is  the 
case  with  the  nitric  and  the  oxalic  acids  (§  464  and  497);  and  it 
is  also  capable  of  replacing,  and  of  being  replaced  by  elementary 
substances,  or  other  radicles,  in  various  secondary  combinations. 

§ 524.  Our  examination  of  the  classical  elements,  atr, 
WATER,  and  FIRE,  has  thus  brought  us  acquainted  with  the 
leading  characters  of  the  four  non-metallic  elements,  oocygen, 
hydrogen,  nitrogen,  and  carbon,  the  lowest  upon  the  scale  of 
equivalents,  and  the  most  important  as  constituting  the  chief 
materials  of  the  organic  creation;  and  we  have  been  led  to 
examine  some  of  their  compounds,  both  primary  and  secondary, 
with  the  leading  object  of  founding  clear  ideas  of  the  laws  of 
chemical  combination  upon  distinct  facts.  Further  illustration 
of  this  subject  is  stiU  necessary:  and  it  is  also  necessary  that 
we  should  become  acquainted  with  other  species  of  matter,  both 
simple  and  compound,  before  we  can  be  in  a condition  fully  to 
appreciate  the  connexion  of  the  physical  forces,  and  their  con- 
currence to  the  production  of  chemical  phenomena. 

We  will,  however,  defer  our  examination  of  the  remaining 
classical  element  earth,  as  opening  to  us  a new  and  extensive 
class  of  elements,  the  metai.s,  which  will  be  most  conveniently 
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studied  together,  and  proceed  to  examine  the  remaining  non- 
metallic  elements,  which  are  only  nine;  and  such  of  the  principal 
compounds  as  may  tend  to  illustrate  the  formation  of  the  infinite 
variety  of  substances,  which  may  be  formed  from  these  few 
materials  restfieted  within  the  narrow  limits  of  combination 
which  we  have  already  defined.  Common  experience  is  suffi- 
cient to  enable  us  to  appreciate  this  distinction  of  metallic  and 
non-metallic,  although  we  shall  endeavour  hereafter  to  define 
more  strictly  the  metallic  characters.  This  primary  division  of 
substances  is  not  only  popular  but  scientific. 

§ 525.  A scientific  arrangement  of  the  subject,  however, 
even  if  our  present  imperfect  knowledge  would  admit  of  it,  is 
beyond  our  present  design,  which  is  to  ascend  from  the  known 
to  the  unknown  by  the  easiest  and  most  natural  gradation. 
We  will  therefore  select  for  the  next  subjects  and  instruments 
of  illustration,  a group  of  these  elementary  forms  of  matter 
which  are  connected  together  by  the  strongest  analogies,  and  of 
which  to  state  the  modes  of  combination  of  one  is  to  lay  them 
down  for  all.  They  have,  moreover,  one  common  origin, — 
namely,  the  waters  of  the  ocean;  from  the  saline  contents  of 
which,  or  of  the  ashes  of  vegetables  which  grow  upon  its  shores, 
they  are  all  derived  by  similar  processes.  They  do  not  exist  in 
the  insulated  state  in  nature,  but  are  the  educts  of  chemical 
science,  and  two  of  them  of  very  recent  discovery.  They  have 
received  the  trivial  names  of  chlorine,  bromine,  and  iodine. 
They  have  but  little  affinity  for  one  another,  but  the  strongest 
affinity  for  other  elements. 

Chlorine. 

§ 526.  Chlorine  may  be  obtained  by  mixing  four  parts 
of  pure  culinary  salt,  which  is  derived  either  from  sea-water  or 
rock-salt,  with  three  parts  of  peroxide  of  manganese,  and  pouring 
upon  them  in  a retort  seven  parts  of  sulphuric  acid  diluted  with 
an  equal  weight  of  water.  By  the  action  of  a gentle  heat,  a gas 
is  given  off,  which  may  be  collected  in  bottles  over  hot  water, 
and  preserved  by  carefully  expelling  all  the  water,  and  closing 
them  with  greased  stoppers. 

Water  of  the  ordinary  atmospheric  temperatures  dissolves 
about  twice  its  volume  of  the  gas,  and  mercury  actually  combines 
with  it.  It  possesses  a yellowish-green  colour,  from  which  it 
derives  its  name,  an  astringent  taste,  and  a most  noxious  suffo- 
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eating  odour;  all  of  which  qualities  it  communicates  to  its 
aqueous  solution.  When  received  into  the  lungs,  its  action  is 
extremely  painful  and  injurious.  By  subjecting  it  to  a pressure 
of  four  atmospheres  at  60°,  it  may  be  condensed  into  the  liquid 
state.  In  its  gaseous  form  under  ordinary  circumstances,  it  is 
considerably  heavier  than  common  air,  100  cubic  inches  weigh- 
ing between  7d  and  77  grains.  It  undergoes  no  change  by 
being  passed  through  porcelain  tubes  intensely  heated,  nor  by 
a succession  of  electric  sparks,  and  it  has  resisted  all  attempts 
to  decompose  it. 

The  flame  of  a taper  introduced  into  it  continues  to  burn 
with  a dull  red  light,  throwing  off  a dense  black  smoke.  Even 
when  the  wick  is  merely  glowing,  the  flame  will  be  rekindled, 
but  the  combustion  is  maintained  by  the  hydrogen  only,  the 
carbon  being  entirely  precipitated.  Phosphorus  spontaneously 
ignites  in  it,  and  burns  with  a pale  white  flame,  indicative  of  the 
absence  of  any  solid  matter,  and  several  of  the  metals  in  a finely 
divided  state,  or  in  thin  leaves,  burn  spontaneously;  and  in 
this  way  tin,  copper,  zinc,  and  antimony,  exhibit  very  beautiful 
appearances. 

§ 527.  The  primary  compounds  of  chlorine  and  the 
metals  are  denominated  chlorides,  and  their  multiple  combina- 
tions are  distinguished,  like  the  oxides,  as  proto-chlorides,  deuto- 
chlorides,  per-chlorides,  &c.  They  have  points  of  considerable 
resemblance  to  the  oxides,  and  like  them,  some  of  them  have 
the  property  of  combining  with  others  of  the  same  class,  in  the 
manner  of  acids  and  bases.  These  have  sometimes  been 
named  chloro-salts,  but  are  most  conveniently  distinguished  as 
double  chlorides. 

When  the  metal  sodium  is  heated  in  chlorine,  it  burns 
vividly,  and  produces  a compound  which  has  all  the  properties 
of  culinar)'  salt;  which  is  therefore  a chloride  of  sodium. 

§ 528.  Chlorine  when  mixed  with  the  vapour  of  water  as 
it  is  usually  obtained,  or  in  solution,  has  strong  bleaching 
powers  upon  vegetable  colours,  and  a solution  of  indigo  in 
sulphuric  acid  is  on  this  account  frequently  employed  to  test 
its  presence.  When  perfectly  dry,  however,  it  is  without  action 
even  upon  the  delicate  blue  colour  of  litmus.  Whence  it  has 
been  conjectured  that  its  property  of  bleaching  may  be  derived 
from  its  combining  with  the  hydrogen  of  a part  of  the  water,  and 
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the  formation  of  deutoxide  of  hydrogen.  It  has  also  strong 
antiseptic  properties^  and  from  its  strong  affinity  for  some  of 
the  elements  of  animal  substances,  destroys  contagious  matters 
and  bad  odours. 

The  compounds  which  chlorine  forms  with  the  non-metallic 
elements  and  radicles  are  various,  important,  and  instructive. 

Chlorine  and  Hydrogen. 

§ 529.  A mixture  of  chlorine  and  hydrogen  will  remain 
in  the  dark  without  change,  but  if  exposed  to  daylight  the  two 
gases  will  unite  slowly,  and  in  the  direct  light  of  the  sun,  sud- 
denly and  with  detonation.  When  mixed  together  exactly  in 
the  proportion  of  equal  volumes,  and  fired  by  the  electric  spark 
in  the  apparatus  formerly  described  (105),  a bright  flash  takes 
place ; and  if  the  tube  be  opened  over  mercury,  no  change  of 
volume  will  be  perceptible:  but  if  it  be  opened  over  water,  the 
liquid  will  dissolve  the  gas,  rush  in  with  violence  and  fill  the 
tube. 

The  destruction  of  the  green  colour  of  the  mixture  will  indi- 
cate the  essential  change  which  has  taken  place  Avith  the  extri- 
cation of  light  and  heat ; as  well  as  its  different  action  upon 
vegetable  colours.  Instead  of  bleaching  it  will  now  be  found 
to  redden  the  blue  colour  of  litmus,  which  property  it  commu- 
nicates to  its  solution,  which,  moreover,  is  intensely  sour.  In 
short,  the  compound  has  all  the  properties  of  a powerful  acid. 
It  is  called,  according  to  the  scientific  nomenclature,  hydro- 
chloric acid,  but  it  has  long  been  known  by  the  name  of  muriatic 
add.  It  may  readily  be  obtained  from  sea-salt  by  the  action  of 
strong  sulphuric  acid.  The  gas,  which  is  given  off  in  great 
purity,  must  be  collected  over  mercury. 

§ 530.  Hydrochloric  acid  is  colourless,  of  a very  pungent 
odour,  and  intensely  acid.  Its  attraction  for  water  is  so  great, 
that  when  a little  escapes  into  the  air,  a white  cloud  is  instantly 
formed  from  the  condensation  of  the  atmospheric  A’apour.  It 
extinguishes  flame  and  is  incombustible,  it  is  also  perfectly 
irrespirable : it  may  be  liquefied  at  a pressure  of  40  atmo- 
spheres, by  generating  it  in  a confined  space.  Water  at  the 
temperature  of  40°  wiU  dissoh’-e  about  480  times  its  volume, 
and  thereby  increases  its  bulk  and  its  specific  gravity  from  1 to 
1.210.  The  solution  is  largely  employed  in  the  arts,  and  may 
be  produced  by  passing  tlie  gas  immediately  into  Avater,  or  by 
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adding  a sufficiency  of  water  to  the  sulpliuric  acid  and  distilling. 
xVcid  of  the  specific  gravity  of  1.111  may  be  distilled  without 
change.  The  solution  when  pure  is  perfectly  colourless,  and 
possesses  the  smell  and  other  properties  of  the  gas  (119). 

§ 531.  Hydrochloric  acid  may  be  decomposed  by  several 
of  the  metals,  which  combine  with  its  chlorine  and  disengage  its 
hydrogen.  Tin,  lead,  or  potassium,  heated  in  the  gas  are  con- 
verted into  chlorides,  and  leave  half  the  original  bulk  of  the  gas 
of  pure  hydrogen.  Thus,  its  analysis  exactly  agrees  with  its 
synthesis  by  volumes,  and  from  its  specific  gravity  it  is  easy  to 
calculate  that  36  parts  by  weight  of  chlorine  are  combined  with 
1 of  hydrogen,  and  that  its  equivalent  number  is  consequently 
36,  and  that  of  the  acid  37> 

§ 532.  The  law  of  equivalent  pi'oportions  is  beautifully 
illustrated  by  the  reaction  of  hydrochloric  acid  upon  metallic 
oxides,  which  neutralize  its  acid  properties  as  completely  as 
those  of  the  oxyacids.  According  to  the  general  view  which 
is  usually  taken  of  the  mutual  action  of  acids  upon  bases,  it 


(119)  The  saturation  of  water  with  the  more  soluble  gases,  is 
carried  on  in  what  is  called  Woidfe’s  Apparatus,  a is  a tubulated 
retort  for  containing  the  materials  for  the  extraction  of  the  gas;  6 is  a 
receiver  communicating  by  a bent  tube  with  the  three-necked  bottle, 
c,  which  is  connected  also  by  a tube  with  d.  The  bottles  are  about 


half  filled  with  water;  when  that  in  c is  saturated,  the  gas  passes  into 
d,  and  afterwards  through  the  tube  c,  which  may  he  connected  with 
the  pneumatic  trough.  The  safety  tubes,,/ /,  prevent  the  water  being 
forced  by  the  pressure  of  air  into  b,  in  case  absorption  should  be  too 
rapid.  They  dip  only  about  half  an  inch  under  water,  so  that  the  air 
readily  enters  by  them,  and  compensates  the  absorption. 
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might  be  expected  that  a simple  combination  of  the  two  would 
take  place,  and  that  when  muriatic  acid  was  neutralized  by  soda, 
a muriate  of  soda  would  result ; and  when  the  compound  is  in 
solution  in  water,  there  is  nothing  to  contradict  the  hypothesis 
which  is  founded  upon  the  strong  analogy  of  other  acids.  But 
when  separated  from  water  by  evaporation,  we  find  that  we 
have  in  this  secondary  compound  exactly  the  same  substance  as 
is  produced  by  the  primary  combination  of  metallic  sodium  and 
chlorine.  The  hydrogen  of  the  acid  and  the  oxygen  of  the  base 
being  in  equivalent  proportions,  have  combined  together  to 
form  water. 

There  is  apparently  no  ambiguity  in  the  case  of  the  combi- 
nation of  the  muriatic  acid  and  ammonia;  the  result  seems 
obviously  to  be  a muriate  of  ammonia,  but  in  many  instances  of 
the  action  of  muriatic  acid  upon  other  bases,  it  has  been  found 
difficult  to  decide  whether  the  product  be  a muriate  or  a 
chloride.  This  acid,  for  example,  will  combine  with  oxide  of 
barium  or  baryta:  and  when  this  base  is  heated  in  the  gas  it 
becomes  red-hot,  water  is  formed,  and  a grey  substance  is  pro- 
duced which  is  exactly  the  same  as  may  be  formed  by  the  action 
of  chlorine  upon  it,  in  which  case  oxygen  is  evolved.  There  is 
here  no  question  that  the  result  is  a chloride  of  barium. 

If  on  the  other  hand  the  compound  be  dissolved  in  water, 
or  if  carbonate  of  baryta  be  decomposed  by  liquid  hydrochloric 
acid  and  the  solution  carefully  evaporated,  flat,  four-sided 
crystals  will  be  obtained,  which  are  permanent  in  ordinary 
states  of  the  atmosphere,  but  effloresce  from  loss  of  water  of 
crystallization,  in  dry  air.  They  coTitain  two  equivalents  of 
water  which  may  be  whoUy  expelled,  and  dry  chloride  of  barium 
wiU  remain.  Now  it  is  obvious  that  this  crystallized  salt  may 
be  regarded  as  a compound  of  muriatic  acid  and  baryta,  and 
one  equivalent  of  water  of  crystallization ; while,  on  the  other 
hand,  there  is  no  good  reason  for  affirming  that  it  may  not  be 
a hydrated  chloride. 

The  symbolic  representation  of  these  two  views  will  render 
this  perhaps  clearer:  for, — 

Chloride  of  Oxide  of  Miiria. 

Barium.  Water.  • Barium.  Acid.  Water. 

BaCl,  2 HO  = BaO,  HCl,  HO 

The  last  view  supposes  that  when  the  dry  chloride  of  barium  is 
dissolved  in  water,  an  equivalent  of  the  latter  is  decomposed, 
the  hydrogen  of  which  combines  with  the  chlorine,  to  form  the 
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hydrochloric  acid,  and  the  oxygen  with  the  metal  to  constitute 
the  baryta.  That  chlorides  are  capable  of  effecting  this  decom- 
position may  be  shown  by  examples,  in  which  there  can  be  no 
ambiguity  ; as  when  chloride  of  antimony  is  dropped  into  water, 
muriatic  acid  is  the  result,  and  an  insoluble  hydrated  oxide  of 
the  metal,  which  is  precipitated. 

The  progress  of  science  may,  however,  be  now  considered  to 
have  placed  the  constitution  of  such  compounds  as  chlorides 
beyond  all  reasonable  doubt ; but  the  controversy  which  once 
existed  concerning  it  is  still  useful  as  illustrating  the  theory  of 
equivalent  composition. 

§ 533.  The  exact  adjustment  of  equivalent  proportions 
is  again  shown  in  the  action  of  muriatic  acid  upon  the  oxides  of 
such  metals  as  constitute  more  than  one  salifiable  base,  as  for 
instance,  the  protoxide  and  the  deutoxide  of  mercury,  in  the 
first  of  which  200  parts  of  the  metal  are  combined  with  8 of 
oxygen  or  one  equivalent,  and  in  the  second,  with  16  or  two. 
When  the  protoxide  is  subjected  to  the  action  of  the  acid, 
37  parts  or  one  equivalent  is  decomposed;  one  equivalent  of 
water  is  formed,  and  one  equivalent  of  protochloride,  which 
is  exactly  similar  to  the  primary  combination  which  takes  place 
at  ordinary  temperature,  between  200  parts  of  mercury  and  36 
of  chlorine.  When  the  deutoxide,  on  the  contrary,  is  acted 
upon  by  muriatic  acid,  74  parts  or  two  equivalents  of  the  latter 
are  decomposed,  two  equivalents  of  water  are  composed,  and 
one  equivalent  of  the  deutochloride,  which  is  exactly  the  same 
as  the  deutochloride  formed  by  the  action  of  chlorine  upon 
mercury  at  a high  temperature,  and  consists  of  200  parts  of 
mercury  and  72  of  chlorine. 

§ 534.  When  the  peroxides  of  metals,  on  the  other  hand, 
whose  protoxides  alone  constitute  bases,  are  acted  upon  by 
muriatic  acid,  one  equivalent  only  of  chlorine  combines  with 
the  metal,  the  equivalent  hydrogen  of  which  forms  water  with 
one  equivalent  of  the  oxygen  of  the  peroxide,  while  the 
remainder  of  the  oxygen  combines  with  the  hydrogen  of 
another  portion  of  the  acid,  and  sets  the  chlorine  free.  It  is  in 
this  way  that  chlorine  can  advantageously  be  collected  by  the 
direct  action  of  a strong  solution  of  muriatic  acid  upon  peroxide 
of  manganese. 

The  same  observations  apply  to  all  the  class  of  hydroacids; 
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another  of  which,  the  hydrocyanic  acid,  has  been  already 
described  (§  516). 

The  hydrochloric  acid  is  the  only  known  compound  of 
chlorine  and  hydrogen. 

Compounds  of  Chlorine  and  Oxygen, 

535.  Chlorine  and  oxygen  are  connected  together  by 
many  points  of  resemblance;  and  are  deficient  in  that  marked 
opposition  of  characters  which  renders  the  force  of  affinity  most 
efficient.  Their  modes  of  combination  with  hydrogen  and  the 
metals  are  similar,  and  chlorine  supports  the  combustion  of 
these  elements  as  well  as  oxygen.  For  every  oxide  there  is  a 
corresponding  chloride,  and  they  are  both  equally  opposed  to 
hydrogen;  which  only  in  two  or  three  instances,  as  exceptions  , 
to  a general  rule,  shows  a shght  attraction  for  metals.  Tliere  is 
another  strildng  analogy  between  the  two  in  their  relation  to 
electrical  forces,  which  will  be  hereafter  pointed  out. 

No  combination  of  chlorine  and  oxygen  can,  therefore,  be 
obtained  by  the  direct  action  of  the  two  elements:  but  several 
can  be  formed  by  double  decompositions  and  recompositions, 
all  of  which  are  unstable,  and  some  of  them  decomposable  even 
with  violence  by  slight  changes  of  temperature. 

§ 536.  Upon  agitating  a mixture  of  one  part  of  deutoxide 
of  mercury  with  twelve  of  water  in  a bottle  filled  with  gaseous 
chlorine,  the  gas  is  rapidly  absorbed;  a grey  powder  is  depo- 
sited, which  is  oxychloride  of  mercury,  and  a liquid  compound 
of  oxygen  and  chlorine  remains  in  solution;  but  care  should  be 
taken  that  some  of  the  red  colour  may  remain  to  ensure  the 
complete  absoiqDtion  of  the  gas.  The  liquid  must  be  filtered  | 

and  distilled  in  vacuo,  or  at  a temperature  below  212°:  it  is  then  i 

a solution  of  the  first  compound  of  chlorine  and  oxygen,  to 
which  the  name  has  been  given  of  the  hypo-chlorous  acid.  It 
may  be  separated  from  its  water  of  solution  by  throwing  up  a 
portion  into  an  inverted  jar  of  mercury,  and  then  passing  into  it 
through  the  metal  pieces  of  fused  nitrate  of  lime.  The  salt 
rapidly  abstracts  the  water,  and  a gas  is  obtained  of  a deeper 
yellow  colour  than  chlorine,  of  a strong  penetrating  odour,  and 
decomposable  by  mercury,  from  the  contact  of  which  it  is 
preserved  by  the  saline  solution.  It  requires  to  be  very 
cautiously  dealt  with;  for  a very  slight  elevation  of  temperature, 
such  as  the  heat  of  the  hand,  is  sufficient  to  decompose  it  with 
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the  extrication  of  light  and  heat;  and  when  absorbed  into  the 
pores  of  charcoal,  or  even  blotting  paper,  by  the  force  of  adhe- 
sion, this  violent  separation  of  the  gases  takes  place.  The 
direct  solar  rays  will  also  resolve  it  into  its  elements  without 
detonation.  When  mixed  with  hydrogen  it  explodes  violently 
by  the  electric  spark.  Its  analysis  shows  it  to  consist  of  one 
volume  of  chlorine,  and  half  a volume  of  oxygen  condensed 
into  one,  or  one  equivalent  of  each.  This  would  make  its 
equivalent  36  + 8 — 44,  but  from  some  of  its  combinations  it  is 
probable  that  the  proportion  in  which  it  enters  into  secondary  com- 
position may  be  double  this,  or  88.  Its  formula  is  CljOa.  ' 
The  solution  of  hypochlorous  acid  is  pale  yellow;  it  has  a 
pecubar  odour  and  an  acrid  taste.  It  attacks  the  cuticle  more 
energetically  than  nitric  acid,  and  stains  it  of  a reddish-brown 
colour.  All  the  metals  which  have  a strong  attraction  for 
oxygen  become  oxidated  by  it  and  evolve  chlorine;  but  silver 
combines  with  the  chlorine  and  evolves  oxygen. 

§ 537.  By  submitting  other  oxides  to  the  action  of 
chlorine,  it  may  be  made  to  combine  with  a higher  proportion 
of  oxygen.  By  passing  a current  of  the  gas  into  a solution  of 
potassa,  one  portion  combines  with  the  metal,  forming  a 
chloride  of  potassium,  while  another  portion  unites  with  the 
oxygen  which  is  displaced  and  constitutes  an  acid,  which  is 
called  the  chloric  acid.  This,  again,  combines  with  some  of 
the  unchanged  potassa,  forming  a salt,  to  which  the  name  of 
chlorate  of  potassa  has  been  given.  It  separates  spontaneously, 
from  its  little  solubihty,  in  brilliant  rhomboidal  tables. 

Chloric  acid  may  also  be  obtained  in  the  free  state,  or  rather 
in  union  with  water  alone,  without  which,  or  a base,  it  cannot 
exist,  by  passing  a current  of  chlorine  through  oxide  of  silver 
suspended  in  water.  Chloride  of  silver,  wdiich  is  insoluble,  is 
precipitated,  and  chloric  acid  remains  in  solution.  It  may  be 
freed  from  any  excess  of  chlorine  by  boiling.  It  is  a sour, 
colourless  liquid,  devoid  of  bleaching  properties;  and  forms 
no  precipitate  in  any  metallic  solution.  Hydrochloric  acid  and 
chloric  acid  mutually  decompose  one  another:  water  is  formed. 


and  the  chlorine  of  both  set  free.  Chloric  acid  consists  of, — 

Chlorine 

. . 47.4  =:  1 Equivalent 

. 36 

Oxygen 

. . 52.6  = 5 Equivalents 

. 40 

100.0 

1G 

Its  formula  is  CIO5 
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§ 538.  The  character  of  the  salts  of  this  acid  may  be 
taken  from  that  of  the  chlorate  of  potassa.  When  exposed  to  a 
low  red  heat  it  fuses,  gives  off  its  oxygen,  and  chloride  of 
potassium  remains.  We  have  already  mentioned  it  as  a con- 
venient source  of  pure  oxygen  (§  410).  It  acts  very  ener- 
getically upon  most  indammable  substances,  and  when  triturated 
with  sulphur,  charcoal,  or  phosphorus,  detonates  strongly  Avith 
the  evolution  of  light  and  heat,  owing  to  the  decomposition  of 
the  acid. 

§ 539.  Another  compound  with  a less  proportion  of 
oxygen,  may  be  formed  by  the  action  of  sulphuric  acid  upon 
chlorate  of  potassa.  Its  preparation  should  only  be  attempted 
in  small  quantities;  as  by  moistening  about  50  grains  of  the  salt 
with  a few  drops  of  strong  acid,  when  a solid  mass  wiU  be 
obtained  of  an  orange  colour.  By  introducing  this  mass  into  a 
small  retort,  and  gradually  warming  it  by  a water  bath  kept 
below  the  boiling-point,  a yellowish-green  elastic  fluid  passes 
off,  which  is  rapidly  dissolved  by  water,  but  may  be  collected  in 
small  tubes  over  mercury.  Its  odour  is  peculiar,  and  not 
nearly  so  suffbcating  as  that  of  chlorine.  100  cubic  inches 
weigh  about  72  grains.  It  explodes  at  a temperature  below 
212°  with  great  violence,  and  the  evolution  of  a bright  light. 
Two  volumes  are  thus  expanded  in  three,  two  of  which  are 
oxygen,  and  one  chlorine,  so  that  its  composition  must  be: — 

Chlorine  . . . 52.9  = 1 Equivalent  . 36 

Oxygen  , . . 47.1  = 4 Equivalents  . 32 

100.0  ^ 

Its  formula  is  CIO4. 

It  has  been  called  the  chlorous  acid;  its  solution  possesses 
a deep  yellow  colour,  and  an  astringent  corrosive  taste.  It 
bleaches  very  strongly.  It  combines  with  the  dilFerent  bases, 
forming  salts,  which  may  be  produced  by  passing  the  gas  into 
the  solutions.  They  are  all  soluble  and  possessed  of  bleaching 
properties. 

§ 540,  From  the  same  source  that  we  obtain  the  peroxide 
of  chlorine,  we  may  also  procure  chlorine  in  a still  higher  degree 
of  oxidation  than  in  the  chloric  acid;  for,  after  the  oxide  has 
been  obtained  by  the  action  of  the  sulphuric  acid  upon  the 
chlorate  of  potassa,  there  remains  a \vhite  saline  mass,  which  is 
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a mixture  of  two  salts,  namely,  bi-sulphate  of  potassa  and  per- 
chlorate of  potassa,  which  may  be  easily  separated  by  solution 
and  crystallization,  as  the  former  is  much  more  soluble  than  the 
latter. 

By  distilling  the  perchlorate  of  potassa  with  its  own  weight 
of  sulphuric  acid,  diluted  with  about  a fourth  part  of  water,  the 
per-chloric  acid  separates  in  white  vapours,  which  condense  in 
the  form  of  a colourless  liquid.  It  is  the  most  stable  of  all  the 
compounds  of  the  two  elements.  It  may  even  be  obtained  in 
the  form  of  crystals  by  distillation  with  sulphuric  acid,  which 
abstracts  all  its  water.  It  is  not  decomposed  by  hydrochloric 
acid.  It  is  constituted  of: — 

Chlorine  . . . 39.2  — 1 Equivalent  . 36 

Oxygen  . . . 60.8  7 Equivalents  . 56 

100.0  ^ 

Its  formula  being  ClOj. 

Compound  of  Chlorine  and  Nitrogen. 

§ 541.  There  is  but  one  known  compound  of  chlorine 
with  nitrogen,  which  cannot  be  obtained  by  the  direct  action  of 
the  two  elements;  and  it  is  as  unstable  as  its  compounds  with 
oxygen  which  we  have  just  described.  It  may  be  formed  by 
the  action  of  chlorine  upon  any  of  the  salts  of  ammonia.  When 
gaseous  chlorine  is  passed  into  ammoniacal  gas,  it  decomposes  it 
with  so  much  energy  that  the  gas  inflames:  muriatic  acid  is 
formed,  which  combines  with  another  portion  of  the  ammonia, 
and  nitrogen  is  left.  By  passing  the  same  gas  into  an  aqueous 
solution  of  the  alkali,  or  by  mixing  the  solutions  of  the  two 
gases,  pure  nitrogen  may  be  collected.  When  chlorine,  how- 
ever, is  passed  into  warm  solutions  of  muriate  or  nitrate  of 
ammonia,  the  ammonia  is  still  decomposed,  but  the  nitrogen  is 
not  given  off  in  the  free  state,  but  in  combination  with  another 
portion  of  chlorine.  The  same  compound  is  also  formed  by 
suspending  a crystal  of  ammoniacal  salt  in  a solution  of  hypo- 
chlorous  acid. 

It  is  an  oily-looking  liquid  which  falls  to  the  bottom  of  the 
solution  in  which  it  is  generated,  and  should  not  be  experi- 
mented upon  in  quantities  larger  than  a grain  of  mustard  seed ; 
even  then  it  should  be  handled  with  extreme  caution.  It  is 
the  most  powerfuUy-explosive  compound  known.  Its  specific 
gravity  is  1.653,  and  it  does  not  become  solid  at  great  degrees 
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of  artificial  cold.  At  about  a temperature  of  200°  it  detonates 
spontaneously,  and  the  mere  contact  of  some  combustible  sub- 
stances causes  it  to  explode.  When  a globule  is  touched  with 
olive-oil  or  turpentine,  the  concussion  which  is  produced  is  so 
great  as  to  shatter  any  glass  or  earthenware  vessel  in  which  the 
experiment  is  made.  Metals,  resins,  and  sugar,  do  not  ordi- 
narily cause  its  decomposition : but  most  greasy  substances, 
phosphorus,  naphtha,  potassa,  and  many  others  cause  it  to 
detonate. 

The  products  of  its  decomposition  are  chlorine  and  nitrogen, 
and  its  composition  has  been  inferred  to  be : — 

Nitrogen  . . . 11.5  = 1 Equivalent  . 14 

Chlorine  . . . 88.5  — 3 Equivalents  . 108 

100.0  122 


It  has  been  named  chloride  of  nitrogen,  and  its  formula  is 

NCI3. 


§ 542.  The  nature  of  these  detonations,  and  of  the  light 
and  heat  which  are  thus  given  off  during  the  separation  of 
elements  which  are  mostly  characterized  by  having  but  a feeble 
mutual  affinity,  is  by  no  means  understood ; if,  indeed,  we  can 
be  said  to  understand  the  evolution  of  light  and  heat  at  all. 
At  jiresent  the  usual  explanation  of  the  phenomena  of  com- 
bustion does  not  seem  applicable  to  them.  The  compounds  of 
nitrogen  are  particularly  liable  to  such  energetic  decompositions, 
which  is  the  more  remarkable,  as  this  element  appears  to  be 
particularly  inert  in  its  combining  powers. 

Compounds  of  Chlorine  with  Carbon  and  Hydrocarbon. 

§ 543.  When  a mixture  is  made  of  two  parts  of  chlorine 
to  one  of  bihydrocarbon  by  volume,  and  ignited,  muriatic  acid 
is  formed,  and  the  whole  of  the  carbon  is  deposited  in  the  form 
of  a dense  black  smoke ; l)ut  if  a mixture  of  equal  volumes  of 
the  two  gases  be  allowed  to  remain  over  water,  complete  con- 
densation takes  place.  The  result  of  the  comhination  is  a 
yellow  hquid,  looking  like  an  oil,  but  possessing  a peculiar  odour 
and  sweet  taste.  It  is  volatile,  and  may  be  distilled  without 
change.  It  was  from  the  formation  of  this  substance  that  the 
hihydrocarbon  was  fonnerly  called  olefiant  gas.  It  ]mssesses, 
however,  very  different  properties  from  those  of  oil,  and  may 
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properly  be  called  the  chloride  of  hydro-carhon.  Its  specific 
gravity  at  45°  is  1.22,  it  boils  at  152°,  and  at  49°  its  vapour  is 
capable  of  supporting  a column  of  mercury  of  24.66  indies.  It 
burns  with  a green  flame,  and  gives  out  copious  fumes  of 
muriatic  acid  and  much  soot.  It  is  composed  of  one  volume  of 
chlorine  and  one  of  olefiant  gas,  or  by  weight  of : — 


Carbon 

Hydrogen 

Chlorine 


. 24  = 2 Equivalents  . 12 1^,.,  , , 

. 72  = 1 Equivalent  ..36  . 

Too  To 


Formula,  HgCjCl. 


§ 544.  When  the  hydrochloride  of  carbon  is  exposed  in 
an  atmosphere  of  chlorine  to  the  direct  rays  of  the  sun,  it  is 
decomposed : muriatic  acid  is  formed  by  the  abstraction  of  the 
hydrogen,  and  the  carbon  remains  in  combination  with  chlorine 
alone.  The  per-chloride  of  carbon  thus  obtained  is  a trans- 
parent, colourless  solid,  having  very  little  taste,  and  possessing 
an  aromatic  odour  resembling  that  of  camphor.  Its  specific 
gravity  is  2.4.  It  is  very  brittle,  and  a non-conductor  of  elec- 
tricity. It  is  volatile  at  common  temperatures,  and  sublimes  in 
very  transparent  colourless  crystals.  It  melts  at  320°,  and  boils 
at  360°  Fahrenheit.  It  is  scarcely  combustible,  but  when  held 
in  the  flame  of  a spirit-lamp  it  burns  with  a red  flame,  and 
gives  off  much  smoke  and  fumes  of  muriatic  acid.  It  is  but 
little  soluble  in  water,  but  is  readily  taken  up  by  alcohol,  and 
may  be  obtained  in  crystals  from  that  liquid  upon  careful  evapo- 
ration. The  results  of  both  its  analysis  and  synthesis  concur 
in  its  being  a compound  of : — 

Carbon  . . 10  2 Equivalents  . 6 

Chlorine  . . . 90  = 3 „ . 108 

100  T20 

Formula,  CgClj. 


§ 545.  This  compound  may  be  converted  into  a proto- 
chloride by  simply  passing  its  vapour  through  an  ignited  glass 
tube,  containing  fragments  of  glass  or  rock  crystal,  to  increase 
the  heated  surface.  Chlorine  escapes,  and  a fluid  passes  over 
which  may  be  separately  condensed. 

It  is  limpid  and  colourless ; does  not  assume  the  solid  form. 
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even  at  0°  of  Fahrenheit,  and  is  volatilized  at  a temperature 
between  160°  and  170°.  Its  specific  gravity  is  about  1.5.  It 
may  be  distilled  without  change,  but  undergoes  decomposition 
at  a full  red  heat.  It  may  be  mixed  with  alcohol,  ether,  and 
oils,  but  not  with  water.  It  is  not  combustible,  except  when 
held  in  the  flame  of  a lamp,  when  it  burns  with  a yellow  light, 
and  gives  off  much  smoke,  mixed  with  muriatic  acid.  Its 
analvsis  shows  it  to  be  composed  of : — 

Carbon  . . . 14.3  =z  1 Equivalent  . 6 

Chlorine  . . . 85.7  =1  „ ,36 

100.0  I2 

Formula,  CCl. 

Compound  of  Chlorine  and  Cyanogen. 

§ 546.  When  the  deutocyanide  of  mercury  is  moistened 
with  M^ater  and  exposed,  in  the  dark,  to  the  action  of  chlorine 
in  a closed  vessel,  deutochloride  of  mercury  is  formed,  and  a 
compound  of  cyanogen  and  chlorine  in  vapour.  By  exposure 
to  a temperature  of  0°  Fahrenheit  the  chloride  of  cyanogen 
solidifies.  In  this  state,  after  absorbing  any  moisture  from  it 
by  fused  muriate  of  lime,  the  bottle  is  filled  with  mercury, 
inverted,  and  heat  applied,  when  it  again  rises  in  the  elastic 
state.  At  a temperature  of  about  6°,  or  under  a pressure  of 
four  atmospheres  at  60°,  it  assumes  the  liquid  state.  It  is 
soluble  in  water,  but  to  a greater  extent  in  alcohol  and  ether. 
Its  vapour  is  very  deleterious  when  breathed,  and  irritates  the 
eyes.  100  volumes  of  the  vapour  consist  of  50  volumes  of 
cyanogen  and  50  of  chlorine,  and  it  is  a compound  of : — 


Carbon 

. 19.4) 

Cyanogen  ^ 

j = 2 Equivalents  . 

12 

Nitrogen 

. 22.61 

1 = 1 Equivalent  . 

14 

Chlorine 

. 58.0 

• 

= 1 „ . 

36 

100.0 

62 

Formula,  C2N,C1  or  CyCl. 


Bromine. 

§ 547.  In  the  manufacture  of  culinary  salt  from  sea- 
water, after  the  process  of  evaporation  and  crystallization,  an 
uncrystallizable  residue  remains,  which  goes  by  the  name  of 
bittern.  It  contains  in  solution  a salt  of  exactly  analogous  con- 
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stitutlon  to  the  chloride  of  sodium,  but  in  which  another  non- 
nietallic  element  is  united  with  the  metallic  basis.  It  may  be 
separated  by  passing  chlorine  into  the  solution,  which,  from 
superior  affinity,  combines  unth  the  metal,  and  a deep  yellow 
colour  is  immediately  developed,  and  a strong  peculiar  odour. 
By  distillation  and  passing  the  vapour,  as  it  rises,  over  chloride 
of  calcium,  to  detain  the  water,  a few  drops  may  be  obtained  of  a 
volatile  liquid,  of  a red  colour,  which  will  fill  the  receiver  with  a 
vapour  resembling  those  of  the  nitrous  acid.  It  has  been  called 
bromine. 

It  is  better  obtained  by  agitating  the  liquid,  after  the  action 
of  the  chlorine,  with  ether,  which  exercises  a strong  solvent 
power  upon  the  bromine  and  separates  it  from  the  aqueous 
solution.  It  may  be  separated  from  the  ether  by  the  action  of 
potassa,  which  forms  with  it  a bromide  of  potassium  and  a bro- 
mate  of  potassa,  exactly  in  the  same  way  that  chloride  of  potassium 
and  chlorate  of  potassa  are  formed  under  similar  circumstances 
(§  536).  By  evaporation  to  dryness  and  exposure  to  a dull  red 
heat,  the  bromate  is  easily  converted  into  bromide.  This  salt 
may  then  be  treated  exactly  in  the  same  way  as  chloride  of 
sodium  in  the  generation  of  chlorine,  with  oxide  of  manganese 
and  sulphuric  acid.  Red  vapours  are  given  off  by  distillation, 
v'hich  condense  into  blackish-red  drops  in  the  cooled  receiver. 

§ 548.  Bromine  is  a fluid  of  a hyacinth-red  colour,  when 
viewed  by  transmitted  light.  At  a temperature  a little  below 
0°  Fahrenheit,  it  suddenly  congeals,  and  is  very  brittle.  Its 
odour  is  extremely  disagreeable  and  intense,  its  taste  unpleasant, 
and  very  powerful.  It  is  very  poisonous.  It  corrodes  the  skin, 
and  stains  it  yellow,  but  not  permanently.  Its  specific  gravity 
is  2.966.  It  is  very  volatile,  gives  off  red  vapours  at  common 
temperatures,  and  boils  at  116.5. 

Light  which  has  been  transmitted  through  the  vapour  of 
bromine  much  diluted  with  common  air,  presents,  when  analyzed 
hy  the  prism,  a spectrum  interrupted  by  more,  probably,  than 
100  equidistant  lines;  as  the  vapour  becomes  denser,  the  blue 
end  of  the  spectrum  disappears,  and  the  lines  in  the  red  part 
become  more  distinct.  In  this  extinction  of  the  blue  rays  it 
presents  a marked  analogy  with  chlorine.  The  arrangement  of 
the  lines  is  quite  different  from  that  of  the  lines  presented  by 
an  atmosphere  of  nitrous  acid  (§  463),  although  the  two  vapours 
cannot  be  distinguished  from  each  other  by  colour. 

2 c 
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A taper  will  not  burn  in  its  vapour,  but,  when  mixed  with 
air,  it  alters  the  tint  of  the  flame.  It  is  soluble  in  v'^ater,  alcohol, 
and  particularly  in  ether.  It  does  not  redden,  but  destroys,  the 
colour  of  litmus,  and  even  of  indigo.  It  forms  a crystalline 
combination  with  water  at  a temperature  of  32°  Fahrenheit,  and 
the  form  of  the  crystals  is  octohedral.  Tliey  are  of  a red  tint, 
and  continue  permanent  even  at  the  temperature  of  50°. 

Bromine  produces  a characteristic  deep  yellow  colour  when 
mixed,  even  in  small  quantities,  with  cold  solution  of  starch. 

Compound  of  Bromine  and  Hydrogen. 

§ 549.  When  the  vapour  of  bromine  and  hydrogen  are 
mixed  together,  they  do  not  react  upon  one  another  at  ordinary 
temperatures,  even  when  exposed  to  the  direct  hght  of  the  sun; 
neither  does  the  mixture  explode  by  the  passage  of  an  electric 
spark:  but  if  a cod.  of  red-hot  platinum  wire  be  suspended  in  it, 
combination  goes  on  upon  its  surface,  and  enough  heat  is  disen- 
gaged to  maintain  the  process. 

A colourless  gas  is  thus  formed,  possessed  of  strong  acid 
properties.  It  may  also  be  obtained  in  larger  quantities  by  the 
action  of  sulphuric  acid  upon  the  bromide  of  potassium.  It  is 
called  the  hydro-bromic  acid.  It  is  rapidly  absorbed  by  water, 
but  may  be  coUected  and  preserved  over  mercury.  It  produces 
dense  white  vapours  when  it  escapes  into  the  air,  from  its  com- 
bination with  aqueous  vapour,  and  it  possesses  a strong  irritat- 
ing odour.  Its  solution  in  water  is  colourless,  and  possesses 
the  principal  properties  of  the  gas. 

The  hydrobromic  acid  is  decomposed  by  chlorine,  which 
combines  with  its  hydrogen  to  form  hydrochloric  acid,  and  the 
bromine  is  set  free.  Potassium  decomposes  it,  combines  vdth 
the  bromine,  and  disengages  exactly  half  its  volume  of  pure 
hydrogen.  The  weight  of  100  cubic  inches  of  the  acid  is  about 
85  grains. 

50  cubic  inches  of  Hydrogen  . . 1.06 

50  „ Bromine  . . 84.00 

100  85.06 

Or  it  consists  of: — 

Hydrogen  . . . 1.255 

Bromine  . . 98.745 

100.00 


= 1 Fiquivalent  . 1 

= 1 „ .11 

79 


Formula,  HBr. 
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Compound  of  Bromine  and  Oxygen. 

§ 550.  We  have  already  stated  (§  547)  that,  when  bro- 
mine is  passed  into  a solution  of  potassa,  a bromide  of  potassium 
and  a bromate  of  potassa  are  formed;  and  the  same  adjustment 
of  the  affinities  of  the  elements  concerned  takes  place  with  other 
bases.  Thus  a bromide  of  barium  and  a bromate  of  baryta  may 
be  procured;,  the  former  of  which  may  be  easily  separated 
from  the  latter  from  its  superior  solubility.  The  bromic  acid 
may  be  disengaged  from  the  bromate  of  baryta  by  sulphuric 
acid,  which  forms  an  insoluble  compound  with  the  base,  and 
leaves  the  acid  in  solution.  It  possesses  scarcely  any  odour, 
but  has  an  acid  taste,  and  reddens,  and  gradually  destroys,  the 
blue  colour  of  litmus.  It  is  similar  in  its  constitution  to  the 
chloric  acid,  and  is  composed  of : — 

Bromine  . . . 66.1  = 1 Equivalent  . 78 

Oxygen  . . . 33.9  — 5 Equivalents  . 40 

1 00.0  118 
Formula,  BrOg. 

Most  of  the  salts  of  the  bromic  acid,  like  those  of  the  chloric, 
when  mixed  with  sulphur  or  other  combustibles,  detonate  with 
a blow,  and  scintillate  upon  hot  charcoal. 

Iodine. 

§ 551.  The  ashes  of  sea-weeds,  called  kelp,  which  are 
largely  produced  on  the  western  coast  of  Scotland,  and  were 
formerly  very  much  used  in  the  manufacture  of  soap,  afford 
another  undecomposed  substance,  which  in  its  properties,  and 
modes  of  extraction  and  combination,  strongly  resembles 
chlorine  and  bromine. 

After  the  separation  of  the  carbonate  of  soda  from  the  kelp, 
an  uncrj’^stallizable  residue  remains,  containing  a salt  exactly 
analogous  to  the  ehloride  and  bromide  of  sodium.  By  mixing 
peroxide  of  manganese  with  it,  and  pouring  upon  it  sulphuric 
acid,  beautiful  violet  vapours  make  their  appearance,  which 
condense  upon  cooling  into  crystalline  plates  of  the  eolour  and 
lustre  of  plumbago.  These  crystals  may  easily  be  collected 
and  dried  between  folds  of  blotting-paper.  The  substance  is 
called  iodine. 

§ 552.  It  is  a soft  friable  solid,  at  the  ordinary  tempera- 
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ture  of  the  atmosphere,  and  assumes  the  form  of  brilliant  scales 
or  plates.  It  crystallizes  as  an  elongated  octohedron  or  as 
rhomboidal  plates.  It  possesses  a hot  and  acrid  taste,  hut  it  is 
very  sparingly  soluble  in  water.  It  is  poisonous  in  large  doses, 
but  is  much  used  in  medicine.  At  60°  Fahrenheit  it  is  nearly 
five  times  as  heavy  as  water.  It  produces  a yellow  stain  upon 
the  skin,  which,  however,  speedily  disappears.  It  slowly  eva- 
porates in  the  air  at  ordinary  temperatures,  and  more  readily  if 
moist.  It  fuses  at  225°,  and  assumes  the  elastic  form  under  the 
ordinary  barometric  pressure,  at  350°  Fahrenheit.  In  this 
aeriform  state  it  is  of  a beautiful  violet  colour,  and  is  125  times 
heavier  than  hydrogen:  100  cubic  inches  of  the  vapour  weighing 
264.75  grains:  and  it  is  8.7  times  heavier  than  air. 

The  spectrum  of  light  passed  through  a dilute  atmosphere  of 
iodine,  presents  a series  of  equidistant  lines,  resembling  those 
produced  by  bromine.  A new  and  unexpected  analogy  is  thus 
presented  between  two  substances,  which  have  always  been 
remarkable  as  having  many  other  properties  in  common.  Both 
these  elements  also  agree  with  chlorine,  in  acting  most  ener- 
getically upon  the  violet  end  of  the  spectrum,  which,  when  the 
vapours  are  sufficiently  dense,  they  entirely  cut  off. 

Iodine  has  the  property  of  forming  an  insoluble  compoxmd 
with  starch,  of  a beautiful  blue  colour,  which  is  so  characteristic 
as  to  be  used  as  a test  of  its  presence  in  very  minute  quantities. 
A solution  containing  not  more  than  one  450,000th  of  its 
weight,  will  become  blue  by  the  addition  of  a cold  solution  of 
this  vegetable  substance. 

It  is  very  soluble  in  ether  and  alcohol,  and  possesses  bleach- 
ing powers,  but  not  so  great  as  those  of  chlorine  and  bromine. 

It  is  not  an  unfrequent  ingredient  in  mineral  springs  in 
combination  with  sodium  or  potassium.  It  has  also  been  de- 
tected in  certain  molluscous  animals,  as  the  oyster;  and  it  has 
been  found  in  the  mineral  kingdom  in  combination  with  silver. 

The  history  of  its  combinations  is  almost  a repetition  of 
those  of  chlorine  and  bromine. 

With  the  metals  it  forms  binary  compounds,  which  are 
called  iodides,  and  are  named  in  the  same  way  as  the  oxides  and 
chlorides. 


Combination  of  Iodine  and  Hydrogen. 

§ 553.  When  iodine  is  heated  in  hydrogen,  the  volume  of 
the  gas  is  doubled,  and  a powerful  colourless  acid  is  produced. 
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which  is  rapidly  absorbed  by  water^  and  so  readily  acted  upon 
by  mercury,  that  it  cannot  long  be  preserved  over  that  fluid.  It 
may  be  procured  in  large  quantities  from  the  iodide  of  potas- 
sium or  sodium,  the  latter  of  which  is  the  salt  which  is  contained 
in  the  ashes  of  sea-weeds,  by  the  action  of  sulphuric  acid.  It 
reacts,  however,  upon  the  sulphuric  acid;  abstracting  a part  of 
its  oxygen  and  precipitating  iodine. 

The  gas  is  colourless,  has  a very  sour  taste  and  pungent 
odour,  and  reddens  blue  vegetable  colours  without  ultimately 
bleaching  them.  Mercury  decomposes  it,  unites  with  the  iodine, 
and  leaves  half  the  volume  of  hydrogen.  Now: — 

Cubic  Inches.  Grains. 

50  Hydrogen  . . weigh  1.06 

50  Iodine  vapour  . . „ 132.37 

1 00  Hydriodic  acid  . . „ 1 33.43 

which  agrees  with  the  weight  by  direct  experiment.  Hydriodic 
acid  consists  therefore  of : — 

Hydrogen  . . 0.8  — 1 Equivalent  . 1 

Iodine  . . . 99.2  =1  „ .125 

100.0  "l26 

Formula,  HI. 

The  concentrated  solution  of  hydriodic  acid  in  water  fumes  in 
the  air,  and  has  a density  of  1.7.  Mercury  does  not  act  upon 
it,  although  it  decomposes  the  acid  so  readily  in  the  gaseous 
state. 

Chlorine  decomposes  it,  forms  muriatic  acid  with  its 
hydrogen,  and  precipitates  the  iodine.  It  is  also  decomposed 
by  exposure  to  the  air;  the  oxygen  of  which  abstracts  the 
hydrogen,  and  sets  the  iodine  free. 

Compounds  of  Iodine  arid  Oxygen. 

§ 554.  There  are  several  compounds  of  iodine  with 
oxygen,  some  of  which  require  further  examination.  An  oxide 
of  iodine  is  formed  by  heating  iodine  in  the  air  or  in  oxygen 
gas.  It  is  a yellow  oleaginous  liquid,  of  an  acrid  and  disagreeable 
taste.  It  slowly  evaporates,  is  soluble  in  water  and  in  alcohol, 
and  inflames  phosphorus. 

By  carrying  the  process  further  and  heating  iodine  in  an 
excess  of  oxygen  a further  combination  takes  place,  which  is 
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probably  iodous  acid.  It  may  also  be  obtained  by  heating  one 
part  of  iodine  with  three  parts  of  chlorate  of  potassa  in  a retort. 
A dense  fluid  may  be  obtained  by  distillation,  which  reddens 
litmus,  is  soluble  in  water,  and  volatilizes  at  a temperature  of 
112°  Fahrenheit.  But  the  most  permanent  and  best  characterized 
is  an  acid  of  exactly  similar  constitution  to  that  of  the  chloric 
and  bromic  acids.  It  cannot  be  obtained  by  the  direct  action 
of  iodine  upon  oxygen,  but  may  be  formed  by  acting  upon  the 
hypochlorous  acid,  or  the  peroxide  of  chlorine,  by  iodine. 

When  the  gas  comes  into  contact  with  the  sobd,  there  is  an 
immediate  action ; its  colour  changes  to  a bright  orange,  and  a 
liquid  is  formed.  By  the  application  of  a gentle  heat,  an  orange- 
coloured  volatile  compomid  of  chlorine  and  iodine  is  driven  off, 
and  a compound  of  iodine  and  oxygen  remains.  It  is  a Avhite, 
semi-transparent  solid,  without  smell,  but  possessing  a strong 
astringent  sour  taste.  It  is  very  soluble  in  water,  and  its 
speciflc  gravity  is  more  than  2.  Its  aqueous  solution  first 
reddens,  and  then  destroys  blue  vegetable  colours. 

Iodic  acid  is  decomposed  by  heat,  and  the  sole  products  are 


iodine  and  oxygen. 

It  is  composed  of : — 

Iodine  . 

. 75.76  1 Equivalent 

125 

Oxygen  . 

24.24  — 5 Equivalents  . 

40 

100.00 

165 

Formula,  IO5. 

When  mixed  with  charcoal,  sugar,  sulphur,  and  other  combus- 
tibles, it  detonates  upon  the  application  of  heat,  and  aU  its  salts 
deflagrate,  like  the  chlorates,  upon  ignited  charcoal. 

Compounds  of  Iodine  and  Nitrogen. 

§ 555.  Iodine  and  nitrogen  cannot  be  made  to  unite 
directly ; but  if  iodine  be  kept  for  a short  time  in  a solution  of 
ammonia  in  water,  the  ammonia  is  decomposed ; its  hydrogen 
unites  with  one  portion  of  the  iodine,  and  its  nitrogen  with 
another.  The  latter  compound,  or  iodide  of  nitrogen,  is  pre- 
cipitated in  the  form  of  a deep  brown  powder.  It  evaporates 
spontaneously  in  the  open  air.  Like  the  chloride  of  the  same 
element  it  is  highly  explosive,  either  by  heat  or  friction.  It 
detonates  violently  almost  as  soon  as  it  is  dry,  and  slight 
pressure  will  produce  the  same  effect  even  when  moist. 
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It  consists,  according  to  its  analysis,  of : — 

Iodine  . . . 96.4  =z  3 Equivalents  . 375 

Nitrogen  . . . 3.6  = I Equivalent  . 14 

100.0  3^9 

Formula,  NI3. 

§ 556.  The  advantages  which  the  science  of  chemistry 
derived  from  the  discovery  of  the  great  law  of  definite  and 
equivalent  proportions  cannot  be  better  illustrated  than  by  the 
history  of  the  two  last  elementary  substances  compared  with 
that  of  clilorine.  They  are  but  of  recent  discovery ; and  in  a 
very  few  months  after  their  announcement,  they  were  placed 
upon  the  scale  of  equivalents  with  as  much  certainty  as  sub- 
stances with  which  chemists  had  been  acquainted  from  the 
first  dawn  of  science.  Chlorine  had  been  the  subject  of  doubt 
and  controversy  for  a period  of  half  a century  before  its  nature 
was  accurately  determined ; and  just  views  of  it  were  not,  in 
fact,  established  tiU  confirmed  by  the  strong  analogies  which 
iodine  and  bromine  present.  Such  is  the  importance  of  this 
law,  which  has  now  been  established  by  a sufficient  number  of 
instances,  that  we  feel  confident  that,  when  one  or  two  careful 
experiments  shall  have  been  made  upon  any  new  substance,  whicb 
may  hereafter  occur,  in  order  to  determine  its  equivalent  num- 
ber, all  the  proportions  in  which  it  can  enter  into  combination 
with  all  other  known  bodies  vfill  at  once  be  known.  This  is  a 
degree  of  knowledge  to  which,  without  the  law,  the  labours  of  a 
long  life  would  be  scarcely  sufficient  to  attain : and  it  is  pos- 
sessed with  a degree  of  clearness,  which  at  once  guides  to 
experiment  and  corrects  its  results. 

The  substance,  however,  which  must  next  occupy  our 
attention,  as  being  connected  by  strong  resemblance  of  consti- 
tution to  the  three  last,  is  calculated  to  repress  any  undue 
feeling  of  exultation  at  the  present  advanced  position  of  our 
science,  which  reflections  like  the  preceding  may  be  calculated 
to  engender,  for  our  present  uncertain  and  hypothetical  views 
concerning  it  have  been  deemed  the  reproach  of  chemistrj'. 

Fluorine. 

§ 557.  Fluorine  is  the  name  of  an  elementary  body 
which  has  not  hitherto  been  obtained,  at  least  in  satisfactory 
quantities,  in  an  insulated  state.  Its  powers  of  combination 
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are  supposed  to  be  so  exalted  and  so  extensive,  that  no  body 
has  been  found  capable  of  resisting  its  energetic  action.  The 
evidence  of  its  existence  is  derived  chiefly  from  analogy.  It 
exists  in  nature  as  a component  part  of  a few  minerals,  one  of 
which  only  is  found  in  any  abundance:  it  is  well  known  in 
mining  districts  by  the  name  of  fluor  spar. 

It  is  found  crystallized  ordinarily  in  cubes  of  various  colours, 
green,  yellow,  and  purple;  and  there  is  a beautiful  compact 
variety  which  occurs  in  Derbyshire,  which  is  worked  into 
splendid  ornamental  vases. 

§ 558.  If  this  mineral  be  reduced  to  powder,  mixed  with 
twice  its  weight  of  strong  sulphuric  acid,  and  subjected  to 
distillation,  a powerful  and  highly-corrosive  hquid  acid  may  be 
obtained.  For  this  purpose  a leaden  or  silver  retort  and  receiver 
must  be  employed ; and  while  a moderate  heat  is  applied  to  the 
former,  the  latter  must  be  kept  cool  by  ice.  The  product  must 
be  preserved  in  leaden  or  silver  bottles,  upon  which  metals  it 
has  no  action.  It  is  extremely  volatile,  and  not  easily  confined. 

In  appearance  it  resembles  oil  of  vitriol.  Its  specific  gravity, 
when  first  prepared,  is  1.06;  but  is  increased,  by  the  gradual 
addition  of  water,  to  1.25.  When  dropped  into  water  a hissing 
noise  is  perceived,  similar  to  that  which  is  produced  when  red- 
hot  iron  is  quenched  in  that  liquid.  It  is  necessary  to  be 
extremely  cautious  in  experimenting  with  this  substance,  as  its 
vapours  are  highly  irritating,  and  when  applied  to  the  skin,  even 
in  small  quantities,  it  disorganizes  it  so  rapidly  as  to  produce 
dangerous  ulcers.  In  addition  to  the  usual  properties  of  a 
powerful  acid,  it  possesses  that  of  acting  strongly  upon  glass, 
and  corroding  it  deeply. 

§ 559.  When  this  acid,  in  a state  of  purity,  is  brought 
into  contact  with  potassium,  a violent  detonation  takes  place ; 
hydrogen  gas  is  given  oflF,  and  a solid  white  saline  substance  is 
formed.  When  hme  is  thrown  into  it,  violent  heat  is  generated, 
water  is  given  off,  and  the  same  substance  as  fluor  spar  is  pro- 
duced. Hence,  it  has  been  concluded  that  the  acid  is  composed 
of  hydrogen  united  to  an  elementary  substance  resembling 
chlorine,  bromine,  &c.,  and  which  has  been  called  fluorine.  In 
the  first  experiment  fluoride  of  potassium  is  formed  and  the 
hydrogen  evolved,  as  in  the  analogous  action  of  potassium  uj)on 
dry  muriatic  acid  gas : and  in  the  second,  fluoride  of  calcium 
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(the  metallic  base  of  lime)  is  the  result;  the  hydrogen  of  the 
acid,  and  the  oxygen  of  the  base,  forming  water. 

§ 560.  A strong  argument  in  favour  of  this  view  of  the 
constitution  of  hydrofluoric  acid  is  derived  from  the  fact,  that 
anhydrous  sulphuric  acid  does  not  act  upon  fluor  spar.  There 
being  no  water  present  to  furnish  oxygen  to  the  calcium,  and 
hydrogen  to  the  fluorine,  the  hydrofluoric  acid  cannot  be  formed. 
It  is  probably  constituted  of : — 

Hydrogen  . . . 5.26  = 1 Equivalent  . 1 

Fluorine  . . . 94.74  = 1 „ .18 

100.00 

Formula,  HF. 

Sulphur. 

§ 561.  Our  next  non-metallic  element,  (commonly 

known  by  the  name  of  brimstone^  is  one  of  the  few  elementary 
substances  which  occur  in  nature  in  their  simple  forms,  and  has 
been  known  from  the  earliest  ages  of  the  world.  It  is  a mineral 
which  is  found  in  large  quantities  in  the  neighbourhood  of 
volcanoes ; and,  as  an  article  of  commerce,  is  chiefly  imported 
from  the  Mediterranean.  It  is  also  extracted  for  use  from  some 
of  its  natural  compounds.  It  is  commonly  met  with  in  two 
forms  ; that  of  a compact  brittle  solid,  and  a fine  powder.  It  is 
of  a light  yeUow  colour,  and  when  rubbed  and  melted  emits  a 
peculiar  odour,  but  is  tasteless.  It  is  insoluble  in  water,  and 
not  very  readily  soluble  in  alcohol,  but  is  taken  up  by  spirits  of 
turpentine.  It  has  about  double  the  weight  of  water,  its  specific 
gravity  being  1.98.  It  is  readily  melted  and  volatilized ; softens 
at  105°,  and  begins  to  evaporate  at  170°.  At  232°  it  becomes 
completely  fluid ; but  possesses  the  peculiar  property  of  solidi- 
fying at  a higher  degree.  At  320°  it  becomes  tenacious  and  of 
a red  tint,  and  at  430°  the  vessel  containing  it  may  be  inverted 
without  changing  its  position.  It  becomes  again  fluid  by  coobng 
or  by  raising  its  temperature  to  482°.  This  is  a striking  instance 
of  that  dimorphism,  which  we  have  before  exempbfied  (§  126) 
in  the  form  of  its  crystals.  It  boils  at  600°,  forming  an  orange- 
coloured  vapour,  the  density  of  which  is  aljout  6.6. 

At  mean  pressure  and  temperature,  100  cubic  inches  of  this 
vapour  would  weigh  206  grains,  being  96  times  heavier  than 
hydrogen;  its  combining  volume  is,  therefore,  ordy  ^th  of  that 
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of  hydrogen.  It  condenses  in  the  form  of  a yellow  powder, 
which  is  known  by  the  name  of  flowers  of  sulphur. 

In  its  affinities  and  modes  of  combination,  it  stands  inter- 
mediate between  oxygen,  chlorine,  and  bromine,  on  the  one 
hand,  and  hydrogen  and  carbon  on  the  other,  having  strong 
analogies  to  both  groups.  Like  the  former,  it  enters  into  union 
with  hydrogen  and  forms  a hydro-acid;  and  combines  with  the 
metals,  forming  a series  completely  parallel  with  the  oxides  and 
chlorides,  which  are  called  sulphurets;  and  like  the  latter,  it 
forms  equally  stable  compounds  with  oxygen. 

Compounds  of  Sulphur  and  Hydrogen. 

§ 562.  By  repeatedly  subhming  sulphur  in  hydrogen,  a 
combination  between  the  two  elements  takes  place  Avithout 
change  of  volume  in  the  gas;  and  the  product  is  properly  called 
hydro-sulphuric  acid,  but  is  generally  known  by  the  name  of 
sulphuretted  hydrogen.  It  may  be  produced  in  abundance,  as 
we  have  already  said  (§  513),  by  acting  upon  sulphuret  of  iron 
by  dilute  sulphuric  acid.  It  is  quickly  absorbed  by  water;  but 
may  lie  collected  over  that  liquid  warmed,  in  glass  bottles  fitted 
with  glass  stoppers  which  must  be  inserted  the  moment  they 
are  filled  with  the  gas. 

It  is  colourless  and  transparent.  Its  smell  is  very  foetid  and 
offensive,  and  its  taste  is  sbghtly  acid.  It  reddens  the  blue 
colour  of  litmus.  It  is  highly  poisonous,  and  a mixture  of 
-g-^th  in  the  atmosphere  has  proved  fatal  to  a dog  Avhich  was 
forced  to  breathe  it.  It  is  inflammable,  and,  like  hydrogen, 
burns  either  silently  or  with  explosion,  according  to  the  cir- 
cumstances of  its  mixture  with  oxygen.  It  instantly  extin-  • 
guishes  all  burning  bodies  immersed  into  it.  The  gas  has  been 
liquefied  by  a pressure  amounting  to  17  atmospheres  at  50°,  and  . 
was  colourless  and  very  limpid.  It  exists  in  solution  in  some  ! 
mineral  waters.  Water  will  take  up  about  three  times  its  bulk,  I 
and  the  solution  possesses  all  the  properties  of  the  gas.  It  ^ 
exists  in  large  quantities  in  the  waters  of  some  mineral  sj^rings, 
and  also  in  the  waters  of  the  ocean  upon  the  Western  Coast  of 
iVfrica. 

When  one  volume  of  gaseous  hydrosulphuric  acid  is  deto- 
nated with  half  its  volume  of  oxygen,  the  sulphur  is  precipitated 
and  water  formed;  but  when  mixed  with  one  volume  and  a half  i 
of  oxygen,  water  is  formed,  and  one  volume  of  a gaseous  com- 
pound of  sulphur  and  oxygen.  | 
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The  gas,  therefore,  consists  of: — 

Sulphur  . . . 94.1  1 Equivalent 

Hydrogen  . . . 5.9  =1  „ 

100.0 

Formula,  HS. 
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Chlorine,  bromine,  and  iodine,  instantly  decompose  the 
hydrosulphuric  acid,  combining  with  its  hydrogen  and  precipi- 
tating the  sulphur:  and  the  best  way  of  forming  solution  of 
hydriodic  acid  is  to  pass  sulphuretted  hydrogen  through  water 
holding  iodine  in  suspension.  The  oxides  of  the  different 
metals  mostly  decompose  it;  and  water,  and  variously-coloured 
sulphurets  of  the  metals  are  the  products. 


§ 563.  A second  combination  of  sxdphur  with  hydrogen, 
of  which  the  sulphur  is  double  that  of  the  last  compound,  may 
be  formed  by  dropping  a strong  solution  of  suJphuret  of  ptotas- 
sium,  or  calcium,  into  dilute  muriatic  acid.  A small  quantity  of 
sulphuretted  hydrogen  is  given  off,  some  sulphur  is  deposited, 
and  an  oil-like,  adhesive,  brown  liquid  falls  to  the  bottom  of  the 
solution.  It  has  a specific  gravity  of  1.769.  Its  smell  and 
taste  greatly  resemble  those  of  sulphuretted  hydrogen.  It 
bums  vdth  a blue  flame,  and  has  the  property  of  combining 
with  some  bases  in  the  manner  of  an  acid.  It  has  some  pro- 
perties which  render  it  analogous  to  the  peroxide  of  hydrogen 
(§493).  It  possesses  like  it  considerable  bleaching  powers;  its 
decomposition  is  effected  by  the  mere  contact  of  many  sub- 
stances, such  as  metals  and  metallic  oxides.  A strong  effer- 
vescence from  the  escape  of  sulphuretted  hydrogen  is  produced 
by  peroxide  of  magnanese,  alkaline  bases,  and  silica,  and  the 
oxide  of  silver  is  reduced  with  such  energy,  as  to  become 
incandescent.  The  substances  which  occasion  this  decompo- 
sition at  the  same  time  undergo  no  change.  It  has  been  named 
deuto-sulphuretted  hydrogen. 

Formula,  HSo. 

Compounds  of  Sulphur  and  Oxygen. 

§ 564.  When  sulphur  is  burned  in  dry  oxygen  gas,  the 
latter  undergoes  no  change  of  volume;  but,  at  common  tem- 
peratures and  pressures,  a colourless  transparent  gas  is  the 
product,  which  is  distinguished  from  all  other  clastic  fluids  by  a 
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suffocating  pungent  odour  well  known  as  the  smell  of  burning 
brimstone.  It  may  be  obtained  in  abundance,  and  in  a state  of 
great  purity,  by  the  action  of  strong  srdphuric  acid  upon  mer- 
cury. The  mixture  may  be  put  into  a retort  and  heated,  but 
the  product  of  the  operation  must  be  collected  over  mercury. 
It  is  called  sulphurous  acid  gas. 

It  extinguishes  aU  burning  bodies  when  immersed  in  it,  and 
cannot  itself  be  burned.  It  is  instantly  fatal  to  animal  life.  It 
assumes  the  liquid  form  under  a pressure  not  exceeding  that  of 
two  atmospheres,  or  at  the  degree  of  cold  produced  by  a mixture 
of  pounded  ice  and  salt.  It  is  then  very  limpid,  and  its  refrac- 
tive power  is  nearly  equal  to  that  of  water.  Its  specific  gravity 
is  1.45,  and  it  boils  at  a temperature  of  14°  Fahrenheit.  It  first 
reddens  blue  vegetable  colours,  and  afterwards  bleaches  them. 
It  does  not,  however,  destroy  them,  for  stronger  acids  will 
restore  their  tint.  Its  bleaching  powers  are  considerable,  and 
the  vapour  of  burning  sulphur  is  employed  in  whitening  silk 
and  straw-work. 

One  hundred  cubic  inches  of  oxygen  just  double  their 
weight  in  combining  in  this  way  with  sulphur,  so  that  sulphu- 
rous acid  is  composed  of : — 

Sulphur  . . . 50  = 1 Equivalent  . 16 

Oxygen  . . . 50  zz:  2 Equivalents  . 16 

~1^ 


Water  at  60°  dissolves  about  thirty-three  times  its  bulk  of  this 
gas ; and  the  solution  possesses  its  peculiar  odour  and  taste, 
which  is  astringent.  It  also  forms  a solid  hydrate  by  com- 
bining with  14  equivalents  of  water. 

Formula,  SOo. 


§ 565.  A mixture  of  sulphurous  acid  and  oxygen  gases 
may  be  kept  for  any  length  of  time  without  showing  any  dispo- 
sition to  combine,  provided  they  be  quite  free  from  moisture. 
But  if  water  be  present,  the  sulphurous  acid  will  gradually  unite  i 
to  a further  proportion  of  oxygen  ; and  the  compound,  which  is  1 
sulphuric  acid,  will  be  taken  up  by  the  water.  A solution  of  | 
STilphurous  acid  also  undergoes  the  same  change  by  exposure  to 
the  air. 

By  boiling  sulphur  in  nitric  acid  it  may  also  be  oxygenated  I 
to  the  utmost,  and  sulphuric  acid  formed.  It  is  an  article  of  > 
very  considerable  importance,  and  largely  employed  in  the  arts.  i 
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Rv  distilling  at  a high  heat  the  salt  which  is  commonly 
known  by  the  name  of  green  vitriol,  which  is  a compound  of 
sulphuric  acid  and  protoxide  of  iron,  the  water  of  crystallization 
is  first  driven  oflf,  and  a dense,  oily,  colourless  liquid  may  he 
afterwards  collected ; which  emits  white  vapours  on  exposure  to 
the  air.  If  this  liquid  be  again  distilled  at  a lower  temperature, 
into  a receiver  kept  cool  by  ice,  a transparent  colourless  vapour 
will  pass  over,  and  concrete  into  a white  solid,  of  the  texture  of 
asbestus  or  flocks  of  silk.  It  is  tough  and  elastic,  liquefies  at 
a temperature  of  about  66°  Fahrenheit,  and  boils  between  110° 
and  120°.  It  has  a strong  attraction  for  water,  and  takes  it 
from  the  atmosphere.  This  solid  body  is  pure  anhydrous  sul- 
phuric acid,  and  the  residue  in  the  retort  will  be  common  oil  of 
vitriol,  or  a^zfco-suljDhuric  acid.  When  the  former  is  passed 
through  a red-hot  porcelain  tube,  it  is  resolved  into  one  volume 
of  oxygen  gas  and  two  of  sulphurous  acid. 

•< 

§ 566.  The  difference  between  the  forces  of  chemical 
affinity  and  mere  adhesion  cannot  be  more  strikingly  exem- 
plified, perhaps,  than  by  the  relations  of  this  acid  to  water. 
The  combination  of  the  first  equivalents  so  completely  alters 
their  nature  as  that  two  volatile  substances  become  compara- 
tively fixed ; but  any  further  addition  of  water  only  produces 
the  common  effects  of  mixture  and  dilution. 

§ 567.  The  aqueo-sulphuric  acid  is  also  extensively  ma- 
nufactured by  burning  a mixture  of  about  8 parts  of  sulphur 
and  1 of  nitre  in  a properly  constructed  furnace,  with  a strong 
draft  of  air,  and  receiving  the  products  of  the  combustion  into 
large  leaden  chambers,  the  bottoms  of  which  are  covered  with 
water.  The  water  becomes  gradually  acidulated,  and  the  con- 
centrated acid  is  obtained  by  subsequent  evaporation  of  the 
solution.  The  process  is  extremely  interesting. 

The  sulphur  by  burning  in  the  atmospheric  air  forms  sul- 
phurous acid,  and  the  nitre  gives  rise  to  the  formation  of 
deutoxide  of  nitrogen,  which,  with  the  oxygen  of  another 
portion  of  the  air,  produces  nitrous  acid  gas.  Now,  when  those 
two  acids  are  perfectly  di7,  they  mix  without  any  further  action 
upon  each  other ; but  with  a small  quantity  of  moisture  they 
form  a colourless,  transparent,  crystalline  compound  which  is 
instantly  decomposed  by  the  further  addition  of  water.  But 
the  products  of  the  decomposition  are  sulphuric  acid,  which 
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remains  in  solution,  and  deutoxide  of  nitrogen,  whicli  rises  in 
the  gaseous  state.  One  equivalent  of  nitrous  acid  thus  transfers 
two  equivalents  of  oxygen  to  two  equivalents  of  sulphurous  acid, 
and  converts  them  into  two  equivalents  of  sulphuric  acid.  The 
deutoxide  by  the  action  of  the  air  again  affords  nitrous  acid, 
which  plays  the  same  part  as  before  with  fresh  portions  of  the 
burning  sulphur. 

§ 568.  The  aqueo-sulphuric  acid,  or  oil  of  vitriol,  is  a 
colourless  oily  hquid,  of  a specific  gravity,  when  most  concen- 
trated, of  1.85,  at  which  density  it  contains  about  81  per  cent, 
of  real  acid.  It  boils  at  620°,  and  freezes  at  15°;  but  if  diluted 
with  water,  so  as  to  have  a specific  gravity  of  1.78,  it  ciy-staUizes 
at  32°,  and  remains  solid  even  to  the  temperature  of  45°.  It 
rapidly  attracts  moisture  from  the  air.  It  is  acrid,  corrosive, 
and  intensely  sour,  and  its  affinities  are  amongst  the  most 
powerful  with  which  chemists  are  acquainted.  It  decomposes 
animal  and  vegetable  substances  rapidly  from  its  strong  attrac- 
tion for  water,  the  elements  of  which  it  abstracts  from  organic 
compounds,  and  disengages  their  carbon.  The  constitution  of 
sulphuric  acid  is  as  follows  : — 

Sulphur  . . . 40  :r:  1 Equivalent  . 16 

Oxygen  . . . 60  = 3 Equivalents  . 24 

loo  lo 

Formula,  SO3. 

The  composition  of  the  aqueous  acid,  specific  gravity  1.85, 
is,— 

Anhydrous  sulphuric  acid  81.63  = 1 Equivalent  . 40 

Water.  . . . 18.37  =1  „ . _9 

100,00  49 

Formula,  SO3,  HO. 

The  equivalent  combining  number  of  sulphuric  acid  is,  there- 
fore, 40 ; which  exactly  agrees  with  the  constitution  of  its  salts. 

§ 569.  Besides  these  two  principal  compounds  of  sulphur 
and  oxygen,  there  are  three  other  acids ; the  first  of  which,  in 
equivalent  composition,  is  below  the  sulphurous,  and  is  called 
the  hypo-sulphurous ; and  the  second  is  between  the  sulphurous 
and  the  sulphuric,  and  is  called  the  hypo-sulphuric  acid. 


IIYPOSULPHUROUS  ACID. 


399 


§ 570.  When  iron  or  zinc  filings  are  digested  in  a solu- 
tion of  sulphurous  acid,  they  are  taken  up  without  any  effer- 
vescence; and  peculiar,  crystallizable,  salts  are  produced,  which, 
when  treated  with  any  of  the  stronger  acids,  evolve  sulphurous 
acid,  and  deposit  sulphur.  Now,  as  no  acid  can  dissolve  a 
metal  without  previously  converting  it  into  an  oxide,  by  the 
decomposition  of  water  or  by  its  own  decomposition,  it  is  clear 
that  in  this  process  the  metal  must  take  oxygen  from  the 
sulphurous  acid,  and  the  base  so  formed  combines  with  an  acid 
in  which  the  oxygen  must  exist  in  less  proportion.  The  hypo- 
sulphurous  acid  cannot,  however,  be  exhibited  in  the  separate 
form ; for  at  the  moment  of  quitting  the  base  with  which  it  w;is 
united,  it  is  resolved  into  sulphurous  acid  and  siilphur.  In  this 
property  it  resembles  the  hyponitrous  acid.  The  same  series 
of  salts  may  be  formed  by  digesting  sulphur  in  solutions  of  any 
of  the  sulphites,  or  by  directing  a current  of  suljDhurous  acid 
into  solutions  of  the  hydrosuljDhurets.  Although  the  simple 
equivalent  proportions  of  this  acid  are  1 of  sulphur  and  1 of 
oxygen,  it  appears  from  the  analysis  of  its  salts  that  its  number 
is  double  the  amount  thus  indicated,  and  that  it  must  be  con- 
sidered as  a compound  of: — 

Sulphur  . . . 6b*.67  “ 2 Equivalents  . 32 

Oxygen  . . . 33.33  = 2 „ .16 

lOO.CO  48 

Formula,  So,0  . 

§ 571.  The  hyposulphites  are  distinguished  as  a class 
by  dissolving  fresh-precipitated  chloride  of  silver,  and  forming 
with  it  a compound  of  an  intensely  sweet  taste. 

§ 572.  By  passing  sulphurous  acid  into  water,  in  which 
finely-divided  peroxide  of  magnanese  is  suspended  by  agitation, 
the  peroxide  yields  part  of  its  oxygen  to  the  acid,  and  converts 
one  portion  into  sulphuric  acid  and  another  into  the  /typo- 
sulphuric.  To  the  liquid,  after  it  has  been  filtered,  a solution  of 
pure  baryta  is  added  in  slight  excess,  which  precipitates  the 
protoxide  of  manganese  which  was  combined  with  the  two 
acids,  and  forms  an  insoluble  sulphate  of  baryta  with  the 
sulphuric,  and  a soluble  hyposulphate  with  the  hyposulphuric 
acid.  The  hyposulphate  is  then  again  decomposed  by  a 
quantity  of  sulphuric  acid  exactly  sufficient  to  precipitate  the 
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baryta,  and  the  hyposulphuric  acid  remains  in  solution.  It 
may  be  concentrated  by  exposure  to  the  action  of  sulphuric 
acid  under  the  exhausted  receiver  of  the  air-pump,  to  the 
specific  gravity  of  1.347;  but  if  an  attempt  be  made  to  condense 
it  further,  it  is  decomposed;  sulphurous  acid  escapes,  and 
sulphuric  acid  is  left  in  solution.  This  change  is  stiU  more 
readily  effected  by  heat.  The  composition  of  the  hyposulphuric 
acid  is: — 

Sulphur  . . . 44.44  ==  2 Equivalents  . 32 

Oxygen  . . . 55.56  = 5 ,,  .40 

100.00  ~72 


And  72  is  its  combining  number. 

Formula,  S2O5. 

§ 573.  Another  acid  compound  of  sulphur  and  oxygen 
has  lately  been  discovered,  of  which  the  formula  is  S3O5.  It 
may  be  obtained  by  digesting  bisulphite  of  potassa  with  sul- 
phur at  a temperature  below  212°.  A salt  of  potassa  is  thus 
formed,  from  which  the  acid  may  be  obtained  by  the  separation 
of  the  potassa  by  perchloric  acid.  It  is  a colourless  fluid, 
without  odour,  with  an  acid  astringent  taste.  It  cannot  he  ■ 
much  concentrated  without  decomposition,  but  in  a weak  solu- 
tion is  permanent.  It  has  been  called  the  sulphuretted  hypo-  ■ 
sulphurous  acid. 

Compound  of  Sulphur  and  Carbon. 

§ 574.  By  bringing  the  vapour  of  sulphur  in  contact  with 
charcoal  at  a red  heat,  and  collecting  the  products  in  a cooled 
receiver,  a deuto-sulphuret  of  carbon  may  be  obtained  in  the  form 
of  a colourless,  transparent  liquid,  of  the  specific  gravity  of  i 
1.272.  Its  taste  is  acrid,  pungent,  and  somewhat  aromatic;  its^i 
odour,  foetid  and  nauseous  in  the  highest  degree.  It  is  very' 
volatile,  and  boils  at  common  atmospheric  pressure,  at  a tem-  • 
perature  not  exceeding  110°  Fahrenheit.  It  has  never  been’ 
congealed  by  the  lowest  artificial  temperature.  It  is  highly 
inflammable,  and  it  burns  with  a blue  flame,  emitting  copious  ■ 
fumes  of  sulphurous  acid.  No  moisture  is  deposited  upon  cold 
surfaces  during  its  combustion,  proving  that  hydrogen  does  not  1 
enter  into  its  composition.  It  mixes  readily  with  alcohol  and 
ether,  but  not  with  water:  file  latter  precipitates  it  from  either  of ! 
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the  former  mixtures, 
of  its  analysis,  of: — 

It  is  composed,  according 

to  the  results 

Sulphur  . 

. 84.21  = 2 Equivalents 

. . 32 

Carbon 

. 15.79  = 1 Equivalent 

. . 6 

100.00 

38 

Formula,  SjC. 

Compound  of  Sulphur  and  Chlorine. 

§ 575.  Sulphur  may  he  united  directly  with  chlorine  by 
passing  a current  of  the  gas  over  it,  in  a state  of  minute  division 
and  at  a gentle  heat.  Ten  grains  of  the  flowers  of  sulphur  will 
thus  take  up  30  cubic  inches  of  gas,  which  is  nearly  in  the 
proportion  of  single  equivalents  of  the  two  bodies.  Chloride  of 
sulphur  is  a volatile  liquid,  of  reddish  colour  by  reflected  light, 
but  yellowish-green  by  transmitted  light.  It  emits  fumes  which 
afiect  the  eyes,  rises  in  vajDOur  at  a temperature  below  200°, 
and  boils  at  280°.  Its  specific  gravity  is  1.6.  It  does  not 
redden  the  colour  of  perfectly  dry  litmus,  but  when  agitated 
with  water,  a great  disengagement  of  heat  takes  place,  sulphur 
is  precipitated,  and  the  liquid  is  found  to  consist  of  a mixture 
of  muriatic,  sulphurous,  and  sulphuric  acids.  It  acts  strongly 
upon  mercury;  the  surface  of  the  metal  is  instantly  tarnished, 
great  heat  is  evolved,  and  a gray  powder  is  the  result,  which  is 
a mixture  of  protochloride  of  mercury  and  sulphur, 

Formula,  SCI. 

Selenium. 

§ 576.  A new  and  rare  elementary  substance  has  ver)'- 
recently  been  detected  in  the  refuse  of  an  oil  of  vitriol  manu- 
factory in  Sweden,  which  in  all  its  compositions  runs  as  parallel 
witli  sulphur  as  iodine  and  bromine  do  with  chlorine.  It  owes 
its  origin  to  the  iron  pyrites,  (or  native  compound  of  iron  and 
sulphur,)  which  are  employed  in  the  works,  and  which  contain 
a mixture,  in  very  minute  proportions,  of  a similar  compound 
of  selenium  and  iron. 

Selenium  at  common  temperatures  is  a brittle  solid,  of  a 
brown  colour  and  metallic  lustre;  it  has  neither  taste  nor  odour. 
When  pounded  the  particles  stick  together,  and  in  powder  it 
has  a deep  red  colour.  It  melts  at  a few  degrees  above  the 
boiling-point  of  water,  and  when  warm  is  very  ductile,  and  may 
be  drawn  into  threads,  which  are  red  by  transmitted,  but  gray 
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by  reflected  light.  It  boils  at  a temperature  of  about  600° 
Fahrenheit,  and  condenses  either  in  opaque  metallic-looking 
drops,  or,  when  large  receivers  are  used,  in  flowers  of  the  colour 
of  cinnabar.  Its  vapour  has  a deep  yeUow  colour.  It  is 
insoluble  in  water,  and  undergoes  no  change  by  mere  exposure 
to  air.  Its  specific  gravity  is  4..3.  It  is  a non-conductor  of 
electricity,  and  a bad  conductor  of  heat.  When  heated  before 
the  blowpipe  it  tinges  the  flame  of  a hght-blue  colour,  and 
exhales  an  odour  of  decayed  horse-radish. 

Combinations  of  Selenium  and  Oxygen. 

% 577*  The  mode  of  its  extraction  from  the  refuse  which 
we  have  mentioned  will  make  us  acquainted  with  one  of  its 
combinations.  By  treating  the  mixture,  which  contains  much 
sulphur,  with  nitric  acid,  both  the  sulphur  and  the  selenium  are 
acidified;  sulphurous  acid  and  selenious  acid  are  formed.  The 
former  reacts  upon  the  latter,  takes  its  oxygen  from  it,  and  the 
selenium  sublimes. 

When  selenium  alone  is  subjected  to  the  action  of  nitric 
acid,  and  the  solution  evaporated  so  as  to  expel  the  excess  of 
that  acid,  a white  saline  matter  remains  which  may  be  sublimed 
by  raising  the  temperature;  the  colour  of  the  vapour  closely 
resembling  that  of  chlorine.  The  selenious  acid  crystallizes  in 
needles  in  the  colder  part  of  the  apparatus.  Selenious  acid  has 
a sour  and  shghtly  burning  taste,  and  is  very  soluble  both  in 
water  and  alcohol.  It  is  readily  decomposed  by  all  substances 
which  have  a strong  attraction  for  oxygen,  and  the  selenium 
may  be  precipitated  from  its  solution  by  metallic  zinc  and  iron. 
It  may  be  considered  as  a compound  of: — 

Selenium  . . . 71-43  =:  1 Equivalent  . 40 

Oxygen  . . . 28.57  = 2 Equivalents  . 16 

100.00  ~56 

Formula,  SeOa; 

which  makes  its  equivalent  56,  in  which  proportion  it  enters 
into  combination  with  the  different  bases. 

§ 578.  As  the  selenious  acid  exactly  resembles  the  sul- 
phurous in  constitution,  so  the  selenic  acid  is  exactly  analogous 
to  the  sulphuric.  The  process  for  obtaining  it  is  circuitous. 
Selenious  acid  must  be  neutralized  with  soda,  and  the  resulting 
salt  fused  with  about  its  own  weight  of  nitrate  of  potassa,  or 
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soda,  Ijy  projecting  it  in  successive  portions  into  a red-hot 
crucible.  The  selenious  acid  thus  takes  another  equivalent  of 
oxygen,  and  a combination  of  selenic  acid  and  soda  is  the 
result.  The  fused  mass  is  then  acted  upon  by  a hot  mixture  of 
nitric  acid  and  water,  and  the  solution  made  to  boil  briskly; 
when  anhydrous  seleniate  of  soda  is  deposited.  The  hot  liquid 
decanted  from  the  salt  deposits  crystals  of  the  excess  of  nitrate 
upon  cooling.  On  renewing  the  ebullition  fresh  portions  of  the 
seleniate  are  procured;  and  the  process  is  renewed  till  the 
whole  is  separated.  This  process  is  founded  upon  the  fact  that 
seleniate  of  soda,  like  the  sulphate  of  the  same  base,  is  more 
soluble  in  water  of  about  90°,  than  at  higher  or  lower  tem- 
peratures. The  nitrite  of  the  base,  which  is  formed  by  the 
decomposition  of  the  nitrate,  is  purposely  reconverted  into  a 
nitrate  by  the  addition  of  the  nitric  acid. 

§ 579.  To  procure  the  acid  in  a free  state,  a solution  of 
the  seleniate  is  decomposed  by  nitrate  of  lead.  The  seleniate 
of  lead  which  is  formed  is  perfectly  insoluble,  like  the  sulphate, 
and  after  being  well  washed,  is  suspended  in  water,  and  exposed 
to  a current  of  sulphuretted  hydrogen  which  precipitates  all  the 
lead  but  does  not  decompose  the  selenic  acid.  The  excess  of 
sulphuretted  hydrogen  is  driven  off  by  heat,  and  the  filtered 
liquid  consists  of  a dilute  solution  of  selenic  acid  in  water. 

When  concentrated,  selenic  acid  is  a colourless  liquid,  which 
may  be  heated  to  536°  without  decomposition;  but  above  that 
temperature,  it  is  resolved  into  selenious  acid  and  oxygen.  Its 
specific  gravity,  at  the  highest,  is  about  2.6.  The  affinity  of 
selenic  acid  for  bases  is  little  inferior  to  that  of  the  sulphuric 
acid.  It  consists  of: — 

Selenium  . . . 62.5  = 1 Equivalent  . 40 

Oxygen  . . . 37.5  = .3  Equivalents  . 24 

100.0  ~64 

Formula,  SeOj. 

Compound  of  Selenium  and  Hydrogen. 

§ 580.  To  establish  completely  the  remarkable  analogy 
between  selenium  and  sulphur,  we  shall  describe  one  more  of 
the  compounds  of  this  rare  substance;  namely,  that  which  it 
forms  with  hydrogen.  It  may  be  obtained  by  acting  upon 
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seleniuret  of  potassium  (formed  by  fusing  together  potassium 
and  selenium)  with  dilute  muriatic  acid.  A gas  is  thus  formed, 
which  may  he  collected  in  the  same  way  as  sulphuretted 
hydrogen. 

In  odour,  these  two  gases  a good  deal  resemble  each  other. 
It  may  be  called  hydro-selenic  acid,  or  seleniuretted  hydrogen. 
It  is  absorbed  by  water,  with  which  it  forms  a colourless  solution. 
It  reddens  litmus  paper,  and  stains  the  epidermis  bro'nm.  It  is 
gradually,  but  completely,  decomposed  by  contaet  with  the 
air,  and  the  selenium  deposited  in  a red-  precipitate.  It  throws 
down  all  metallic  solutions  in  the  form  of  seleniurets.  This  gas 
produees  violent  effects  upon  the  organs  of  respiration,  and  a 
sharp  and  painful  sensation  in  the  nose  which  is  followed  by  a 
temporary  loss  of  the  sense  of  smelling.  According  to  its 
analysis  it  is  composed  of : — 

Selenium  . . . 97-56  — 1 Equivalent  . 40 

Hydrogen  . . . 2.44  = „ • . 1 

100.00  ^ 

Formula,  HSe. 

Phosphorus. 

§ 581.  The  next  element  which  we  shall  describe  is  a 
very  remarkable  substance,  and  has  never  been  found  in  nature 
in  its  simple  form;  but  in  combination  with  oxygen  and  lime, 
it  is  chiefly  a product  of  the  animal  kingdom,  but  is  a constituent 
also  of  vegetables.  It  is  a combustible  to  which  we  have 
already  frequently  referred  by  the  name  of  phosphorus.  It 
differs  not  more  from  the  other  combustibles  which  we  have 
hitherto  examined  in  its  peculiar  properties,  than  in  its  modes 
of  combination. 

It  may  be  prepared  by  calcining  bones  in  an  open  fire,  to 
burn  off  and  dissipate  all  the  volatile  ingredients,  reducing  their 
earthy  residue  to  a fine  powder,  and  digesting  them  for  two  or 
three  days  in  half  their  weight  of  sulphuric  acid,  adding  as 
much  water  as  may  give  the  mixture  the  consistence  of  a thin 
paste.  At  the  expiration  of  the  time,  twice  the  bulk  of  boiling 
water  must  be  stirred  up  with  it,  and  the  liquid  separated  by 
filtration.  In  this  operation  the  sulphuric  acid  displaces 
phoric  acid  from  the  lime  with  which  it  is  combined  in  the  bone 
earth,  and  it  may  be  concentrated  by  evaporation  to  the  con- 
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sistence  of  a thick  syrup.  It  must  then  be  mixed  with  one- 
fourth  its  weight  of  charcoal  in  powder,  and  strongly  heated  in 
an  earthenware  retort,  the  beak  of  which  must  be  plunged 
under  water.  The  heat  must  be  very  slowly  raised  till  it 
becomes  very  intense.  A large  quantity  of  gas  will  escape 
during  the  process,  and  spontaneously  inflame  upon  passing 
through  the  water  into  the  air;  and  the  phosphorus  wiU  distill 
over  in  drops  and  congeal  in  the  water.  In  this  process  the 
phosphoric  acid  is  deoxidated  by  the  charcoal,  which  at  a high 
temperature  has  a stronger  affinity  for  the  oxygen  than  the 
phosphorus  (120). 

§ 582.  As  thus  obtained  it  is  a soft  solid  of  a flesh-red 
colour;  but  when  purified  by  fusion  under  a warm  solution  of 
ammonia,  and  a second  time  under  alcohol,  it  is  perfectly 
colourless  and  transparent.  It  may  be  obtained  in  octohedral 
crystals  from  its  solution  in  naphtha,  or  sulphuret  of  phos- 
phorus. Its  specific  gravity  is  1.77*  It  is  highly  inflammable 
and  takes  fire  by  slight  friction,  and  it  is  necessary  to  preserve 
it  under  water  in  well-closed  bottles.  It  may  easily  be  cut  with  a 
knife.  When  air  is  carefully  excluded,  or  under  water,  it  melts  at 
about  108°,  and  boils  at  550°:  100  cubic  inches  of  its  vapour  weigh 
135  grains.  Its  combining  volume  is  one-fourth  of  that  of  hydro- 
gen, and  its  equivalent  is  16,  the  same  as  that  of  sulphur.  It  is 
tasteless  and  insoluble  in  water, 
but  proves  highly  poisonous  when 
taken  into  the  stomach. 

§ 583.  In  the  atmosphere, 
phosphorus  emits  a light  smoke 
and  peculiar  smell,  not  vmlike  that 
of  garlic;  the  smoke  shines  in  the 
dark  with  a pale  greenish  and  very 
beautiful  light.  This  is  owing  to 


(120)  The  apparatus  for  the  pre- 
paration of  phosphorus  is  here  deli- 
neated. The  mixed  phosphorous  acid 
and  charcoal  is  placed  in  retort,  «, 
which  is  properly  adjusted  in  the  fur- 
nace, b.  The  neck  of  the  retort  dips 
under  the  water  in  the  basin,  c. 
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a slow  combustion,  or  combination  with  oxygen,  and  if  a stick 
of  phosphorus  be  confined  under  a jar  full  of  common  air  over 
water,  the  whole  of  the  oxygen  will  gradually  be  absorbed  and 
the  nitrogen  remain,  and  then  its  light  will  be  extinguished. 

It  is  remarkable  that  phosphorus  does  not  shine  in  per- 
fectly pure  oxygen  till  heated  to  80°,  near  which  point  it  bursts 
into  flame;  and  no  absorption  takes  place  under  this  tempe- 
rature: but  if  the  elasticity  of  the  gas  be  decreased  to  about 
one-eighth  or  one-tenth  of  that  of  the  usual  elasticity  of  the 
air,  the  slow  combustion  with  the  evolution  of  the  glow  will 
take  place.  If  the  density  of  the  oxygen  be  reduced  to  the 
same  amount  by  mixture  with  hydrogen,  nitrogen,  or  carbonic 
acid,  the  same  phenomena  will  be  produced.  Some  caution 
should  be  used  in  exposing  this  highly  inflammable  substance 
to  the  air,  as  the  heat  which  is  evolved  during  this  slow  com- 
bustion sometimes  accumulates  to  a sufficient  degree  to  cause 
the  whole  to  burst  into  flame.  Pieces  of  phosiDhorus  placed 
upon  cotton  or  charcoal,  or  other  bad  conductors  of  heat,  will 
almost  always  accumulate  heat  enough  for  this  purpose. 

§ 584.  Phosphorus  combines  with  many  of  the  metals, 
forming  with  them  metallic  j)hospliurets.  They  may  be  obtained 
by  heating  the  two  substances  together;  and  sometimes  by 
passing  a compound  of  phosphorus  and  hydrogen  into  solutions 
of  the  oxides.  Phosphuretted  hydrogen,  however,  by  no  means 
acts  with  the  same  certainty  as  the  diflFerent  hydroacids  which 
we  have  examined;  in  most  cases  the  metal  is  merely  reduced. 
Phosphorus  alone  will,  indeed,  reduce  those  metals  which  have 
but  a feeble  attraction  for  oxygen,  and  a stick  of  phosphorus 
introduced  into  solutions  of  gold,  silver,  or  platinum,  will 
become  coated  by  the  respective  metals. 

It  is  not  known  that  the  phosphurets  enter  into  secondary 
combination,  and  they  do  not  possess  much  interest. 

Compounds  of  Phosphorus  and  Oxygen. 

§ 585.  The  product  of  the  slow  combustion  of  phos- 
phorus which  has  just  been  described,  is  an  acid  liquid;  and 
a mixture  of  phosphorous  and  phosphoric  acids.  No  good  pro- 
cess is,  however,  known,  by  which  they  may  be  separated  from  i 
this  liquid. 

Phosphorous  acid,  in  combination  with  water,  may  be  I 
obtained  by  passing  a current  of  chlorine  through  phosphorus 
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fused  under  hot  water;  a chloride  of  phosphorus  is  thus  formed, 
which  is  immediately  resolved  into  muriatic  acid  and  phos- 
phorous acid  by  the  decomposition  of  the*  water;  the  former 
may  be  expelled  by  evaporation,  and  the  latter  will  remain.  It 
is  a crystallizable  compound,  of  a sour  taste  and  very  soluble  in 
water.  By  heat  it  is  resolved  into  a compound  of  phosphorus 
and  hydrogen,  which  escapes,  and  phosphoric  acid,  which  is 
fixed.  It  may  be  obtained  in  the  anhydrous  state  in  small 
quantities,  by  burning  phosphorus  in  a long  tube  with  a very 
limited  access  of  air.  In  this  case  it  sublimes  in  the  form  of  a 
white  volatile  powder,  which  rapidly  absorbs  moisture  from  the 
air.  It  is  composed  of : — 

Phosphorus  •.  . 57.15  = 1 Equivalent  . 16 

Oxygen  . . 42.86  = I5  Equivalents  . 12 

100.00 


Formula,  POj*. 

And  28  constitutes  the  equivalent  in  which  it  enters  into 
secondary  combination  with  the  bases,  and  constitutes  the  class 
of  salts  which  are  denominated  phosphites. 

§ 586.  An  acid  of  inferior  degree  of  oxygenization  may 
be  formed  by  acting  upon  water  by  phosphuret  of  barium.  Hy- 
drogen in  combination  with  phosphorus  makes  its  escape,  and 
a solution  of  the  hypo-phosphorous  acid  in  combination  with 
baryta,  remains,  from  which  the  base  may  be  precipitated  by 
the  cautious  addition  of  sulphuric  acid.  When  the  clear  filtered 
liquor  has  been  concentrated  by  evaporation,  it  constitutes  a 
sour  viscid  liquid  which  is  incapable  of  crystallization,  and 
rapidly  attracts  oxygen.  It  consists  of: — 

Phosphorus  . . 80  2 Equivalents  . 32 

Oxygen  . . 20  1 Equivalent  . 8 

iW  40 

Formula,  P2O. 

§ 587.  When  phosphorus  is  burned  in  the  open  air,  it 
generally  leaves  a red  insoluble  residue,  which  is  a compound  of 
phosphorus  with  still  less  oxygen  than  the  preceding,  and  is  an 
impure  oxide  of  phosphorus.  It  may  be  formed  in  greater 
abundance  by  directing  a small  stream  of  oxygen  upon  phos- 
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phorus,  kept  melted  under  boiling  water.  The  acids  which  are 
formed  at  the  same  time  are  retained  in  solution,  while  the  red 
oxide  floats  in  the  liquid.  When  dried,  it  must  be  exposed  to 
heat  in  a retort,  to  drive  off  any  uncombined  phosphorus,  and 
afterwards  washed  and  dried.  It  possesses  neither  odour  nor 
taste.  It  is  heavier  than  water,  and  insoluble  in  that  liquid  and 
in  alcohol,  ether  and  oils.  It  may  be  obtained  pure  by  expos- 
ing to  the  air  small  pieces  of  phosphorus  covered  with  the  liquid 
chloride  of  phosphorus.  Phosphoric  acid  is  formed,  and  also  a 
yellow  matter,  which  produces  a yellow  solution  with  water. 
At  a temperature  of  176°  Fahrenheit  this  solution  deposits  a 
flocculent  yellow  matter,  which  is  a hydrate  of  the  oxide  of 
phosphorus,  from  which  the  water  may  be  separated  by  drying 
in  vacuo  over  sulphuric  acid. 

It  is  a powder  of  a yellow  colour,  denser  than  water,  and 
insoluble  in  water,  alcohol,  and  ether. 

It  is  neither  decomposed  nor  does  it  take  fire  in  the  air,  at 
a temperature  of  570°,  Its  formula  is — 

P4O,  and  that  of  its  Hydrate  P^OjHO. 

§ 588.  Phosphoric  acid,  or  phosphorus  at  its  maxim vmi 
degree  of  oxidation,  may  be  obtained  from  the  impure  acid,  the 
extraction  of  which  from  bones  has  been  already  described 
(§  581),  by  boiling  it  with  carbonate  of  ammonia  in  excess. 
The  liquid  after  filtration  is  to  be  evaporated  to  dryness,  and  then 
ignited  in  a platinum  crucible ; by  which  ammonia,  and  other 
volatile  matters  are  driven  oflF. 

It  may  also  be  formed  by  the  action  of  nitric  acid  on  phos- 
phorus. For  this  purpose,  small  fragments  must  be  very 
cautiously  dropped  into  the  acid,  gently  heated  in  a retort.  The 
action  is  very  violent,  and  a large  quantity  of  deutoxide  of 
nitrogen  is  disengaged.  A small  quantity  of  ammonia  is  at  the 
same  time  produced  by  the  decomposition  of  water,  w^hich  may 
be  expelled  by  evaporating  the  liquid  to  the  consistence  of  a 
syrup,  and  afterwards  exposing  it  in  a platinum  crucible  to  a 
dull  red  heat. 

In  both  these  processes,  the  acid  is  obtained  in  combination 
with  water,  which  it  retains  even  at  a red  heat,  and  vdth  which 
at  a high  temperature  it  may  be  subhmed.  This  aqueous  acid 
sometimes  goes  by  the  name  of  glacial  phosphoric  acid. 

§ 589.  The  white  matter  which  is  formed  during  the 
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inflammation  of  phosphorus  in  oxygen  gas,  or  common  air,  and 
which  falls  like  flakes  of  snow,  is  pure  anhydrous  phosphoric 


acid.  Its  constitution 

according  to  its  most  accurate 

analysis 

is : — 

Phosphorus 

. 44.44  = 1 Equivalent 

16 

Oxygen 

. 55.56  = 2j  Equivalents  . 

20 

100.00 

36 

Formula,  POaj. 

And  the  glacial  phosphoric  acid  consists  of : — 

Phosphoric  acid  . 

. 80  1 Equivalent 

36 

AV  ater  . 

20  = 1 

9 

100 

45 

Formula,  POgjjHO. 

It  very  speedily  deliquesces  in  the  air  into  an  intensely  sour 
liquid  of  the  specific  gravity  2.  It  does  not  corrode  animal  and 
vegetable  substances.  The  solution  is  not  volatile,  nor  is  it 
capable  of  being  decomposed  by  heat  alone.  It  emits  no  odour 
when  heated. 

§ 590.  When  anhydrous  phosphoric  acid  is  dissolved  in 
water,  unlike  the  sulphuric  acid,  the  solution  varies  in  its 
characters  according  to  circumstances. 

Three  hydrates,  or  definite  combinations  with  water,  may  be 
formed,  each  of  which  is  soluble  in  water  without  change  of 
character,  and  the  three  solutions  exhibit  properties  so  distinct 
that  each  might  be  supposed  to  contain  a distinct  acid.  They 
were,  in  fact,  so  considered  at  first,  and  distinguished  by  names 
accordingly. 

The  proto-hydrate  was  formerly  called  meta-phosphoric  acid. 
It  may  be  obtained  in  a separate  state  by  heating  biphosphate 
of  soda,  or  the  double  phosphate  of  soda  and  ammonia,  to 
redness,  dissolving  the  product  in  water,  and  precipitating  by 
acetate  of  lead.  The  insoluble  salt  of  lead  thus  formed  must  be 
suspended  in  water  by  agitation,  and  decomposed  by  a stream  of 
sulphuretted  hydrogen  sent  through  it.  The  liquid  may  then  be 
warmed  to  get  rid  of  the  excess  of  sulphuretted  hydrogen,  and 
I filtered  to  free  it  from  sulphuret  of  lead  j it  will  be  then  found 
to  be  very  acid,  and  to  contain  the  protohydrate  in  question. 
It  is  characterized  by  producing  a white  precipitate  in  solution 


410 


PHOSPHORIC  ACIDS. 


of  white  of  egg : and  in  solutions  of  the  salts  of  the  earths  and 
other  metallic  bases,  precipitates  of  a soft,  gelatinous,  semi- 
fluid character  without  crystallization. 

The  deuto-hydrate  of  phosphoric  acid,  formerly  called  pyro- 
phosphoric  acid,  may  be  obtained  by  heating  common  phosphate 
of  soda  to  redness,  and  afterward  dissolving  it  in  water.  By 
treating  the  solution  as  in  the  last  case  with  acetate  of  lead  and 
sulphuretted  hydrogen,  an  acid  liquid  is  obtained  containing  the 
deutohydrate.  It  is  characterized  by  not  precipitating  white  of 
egg,  and  by  producing  a dense  white  precipitate  in  a solution  of 
nitrate  of  silver. 

The  trito-hydrate  of  phosphoric  acid  is  produced  by  treating 
a solution  of  common  phosphate  of  soda  in  its  usual  state  as 
before.  The  acid  solution  containing  the  tritohydrate  will  now 
be  found  to  produce  a yellow  precipitate  with  nitrate  of  silver, 
and  will  be  unalterable  by  boiling  or  keeping  for  any  length  of 
time.  Both  the  other  hydrates  pass  readily  by  boiling,  and 
even  by  time,  into  the  tritohydrate.  The  constitution  of  the 
phosphoric  acid  and  its  three  hydrates  is  thus  represented  in 
symbols : — 


POji 

2PO2J  -1-  HO 
POsi  + HO 
PO2*  + li  HO 


— Anhydrous  acid. 
^ Protohydrate. 

= Deutohydrate. 

= Tritohydrate. 


Thus,  the  series  of  multiples  of  water  in  the  varieties  of  the 
phosphoric  acid  are,  1^-,  1,  while  the  series  of  multiples  of 
oxygen  which  constitutes  the  acids  of  phosphorus,  are  14,  24. 
To  avoid  the  appearance  of  the  half  equivalent,  the  equivalent  of 
phosphorus  has  been  doubled  by  some  eminent  chemists;  whilst 
others  double  the  number  of  equivalents  with  the  same  Anew, 
and  the  same  series  of  the  equivalents  of  oxygen  become  1,  3,  5. 
The  latter  mode  of  representation  is  upon  the  whole  most  con- 
venient, and  we  shall  hereafter  adopt  it.  In  this  mode  of 
notation  the  phosphoric  acid  and  its  three  hydrates  are  tlius 
represented : — 

P2O5  . Phosphoric  acid. 

P2O5  + HO  Protohydrate. 

P2O5  + 2 HO  Deutohydrate. 

P2O5  4-  3 HO  Tritohydrate. 


The  same  series  is  maintained  in  its  other  primary  combina-  I 
tions,  where  more  than  one  is  known,  with  the  same  element.  1 
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Compounds  of  Phosphorus  and  Hydrogen. 

§ 591.  The  examination  of  the  compounds  of  phosphorus 
and  hydrogen,  and,  it  may  indeed  be  said,  of  all  the  compounds 
of  phosphorus,  is  attended  with  considerable  difficulty.  We 
have  already  stated  that  when  aqueo-phosphorous  acid  is  heated, 
a gaseous  compound  of  phosphorus  and  hydrogen  is  given  off. 
It  is  transparent  and  colourless,  and  of  an  excessively  offensive 
odom-  and  bitter  taste.  Water  absorbs  one-eighth  of  its  volume; 
hut  it  is  much  more  freely  taken  up  by  solutions  of  sulphate  of 
copper  and  chloride  of  lime.  It  has  no  acid  reaction  upon 
vegetable  colours ; but  like  sulphuretted  hydrogen  decomposes 
some  metalhc  salts,  with  the  formation  of  phosphurets  of  the 
metals.  It  is  very  poisonous,  and  will  not  support  combustion. 
When  pure,  it  may  be  mixed  with  common  air,  or  oxygen, 
without  danger,  but  the  mixture  explodes  with  the  electric 
spark,  or  at  a temperature  of  300°.  Diminishing  the  pressure 
will  also  cause  it  to  explode,  as  by  raising  the  jar  upon  the 
mercurial  bath  so  that  the  mercury  in  the  interior  may  be  lifted 
about  an  inch  or  two. 

§ 592.  Phosphurelted  hydrogen  is  also  formed  by  the 
decomposition  of  water  on  boiling  phosphorus  in  a strong 
solution  of  potassa  in  a small  retort ; and  again  by  the  action  of 
phosphuret  of  calcium  upon  water.  The  product  of  these  pro- 
cesses is,  however,  distinguished  by  being  spontaneously  inflam- 
mable in  common  air,  or  oxygen ; a property  which  the  gas 
loses  by  being  kept  over  water.  Each  bubble,  as  it  reaches  the 
surface  of  the  water,  bursts  into  flame,  and  forms  a ring  of 
white  smoke  composed  of  phosphoric  acid,  which  is  very  beau- 
tiful in  a still  atmosphere.  The  two  gases  are  essentially  the 
same  in  composition ; but  in  the  latter  state  it  is  probable  that 
it  contains  a very  small  proportion  of  another  compound  of 
hydrogen  and  phosphorus,  which  is  the  spontaneously  inflam- 
mable ingredient,  and  causes  the  combustion  of  the  whole. 
Phosphuretted  hydrogen  is  probably  composed  of  three  volumes 
of  hydrogen,  united  to  one-half  a volume  of  phosphorus  in 
vapour,  condensed  into  two.  According  to  its  analysis  it  con- 
tains by  weight : — 

Phosphorus  . . 91.43  = 2 Equivalents  . 32 

Hydrogen  . . 8.57  = 3 „ .3 

100.00  ^ 


Formula,  TjH.,. 
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§ 593.  Possessing  neither  acid  nor  alkaline  properties 
very  decidedly,  phosphuretted  hydrogen  bears  some  analogy  on 
one  hand  to  the  hydroacids,  as  we  have  stated  with  regard  to 
its  action  upon  the  solution  of  metallic  oxides  (§  584),  and  on 
the  other  hand  to  ammonia.  It  unites  -with  hydrobromic  acid, 
hydroiodic  acids,  and  forms  with  them  definite  compounds 
which  crystallize  in  cubes. 


Combinations  of  Phosphorus  and  Chlorine. 

§ 594.  By  passing  the  vapour  of  phosphorus  over  bi- 
chloride of  mercury  heated  in  a glass  tube,  a volatile  liquid  is 
obtained,  which  is  a sesqui-chloride  of  phosphorus.  It  is  trans- 
parent and  colourless:  of  the  specific  gravity  of  1.45.  It  does 
not  affect  the  colour  of  dry  litmus,  but  the  fumes  which  it  gives 
off  in  abundance  are  acid,  owing  to  contact  with  the  moisture  of 
the  air.  It  acts  energetically  upon  water ; the  hydrogen  com- 
bining with  the  chlorine  to  constitute  muriatic  acid,  and  the 
oxygen  with  the  phosphorus,  by  which  phosphorous  acid  is 
generated.  It  consists  of : — 

Phosphorus  . . 22.5  = 1 Equivalent  . 16 

Chlorine  . . . 77-5  = 1^  Equivalents  . 54 

100.0 

Formula,  P2CI3 

§ 595.  When  phosphorus  is  introduced  into  chlorine,  it 
spontaneously  inflames,  and  burns  with  a pale  flame,  and  another 
compound  is  formed,  which  is  a per-chloride  of  phosphorus. 
The  product  is  a white  solid  which  condenses  upon  the  cool 
parts  of  the  containing  vessel.  It  is  volatile  at  a temperature 
below  212°,  but  may  be  fused  under  pressure,  and  crystallizes 
on  cooling.  It  acts  with  violence  upon  water,  forming  with 
its  elements  muriatic  and  phosphoric  acids.  One  grain  of 
phosphorus  combines  in  this  way  with  six  of  chlorine,  which  is 
in  the  proportion  of  16  : 90.  Or: — 

Phosphorus  . . 15.1  = 1 Equivalent  . 16 

Chlorine  . . . 84.9  = 2^  Equivalents  . 90 

100.0  1^ 

Formula  PjCI^ 
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Compound  of  Phosphorus  and  Nitrogen. 

§ 596.  When  either  of  the  chlorides  of  phosphorus  are 
made  to  act  upon  dry  ammonia,  a white  solid  mass  is  obtained 
which  gives  off  muriatic  acid,  and  excess  of  ammonia,  at  a strong 
red  heat ; and  leaves  behind,  out  of  the  contact  of  air,  a white 
substance,  which  is  a compound  of  phosphorus  and  nitrogen. 
When  preserved  from  the  agency  of  air  and  moisture,  it  is  per- 
fectly fixed  and  infusible  at  a red  heat,  and  it  is  remarkably 
indifferent  to  the  strongest  reagents.  Concentrated  nitric  acid 
very  slowly  converts  a portion  of  it  into  phosphoric  acid,  and 
concentrated  oil  of  vitriol  as  slowly  effects  the  same  change 
with  the  evolution  of  sulphurous  acid.  When  fused  with  caustic 
potassa,  ammonia  is  given  off,  and  phosphate  of  potassa  remains. 
Dry  hydrogen  at  a red  heat  decomposes  it  with  the  formation 
of  ammonia,  and  phosphorus  distils  off.  There  is  no  trace  of 
the  formation  of  water  during  the  action.  Phosphuret  of  nitro- 
gen consists  of : — 

Phosphorus  . . 53.2  — 1 Equivalent  . 16 

Nitrogen  . . 46.8  =1  „ .14 

100.0  ^ 
Formula,  PN. 

This  substance  is  a remarkable  instance  of  the  production 
of  a fixed  substance  by  the  combination  of  highly  volatile  prin- 
ciples, and  presents  a curious  contrast  to  the  detonating  and 
easily  decomposable  compounds  of  chlorine  and  iodine  with  the 
same  element. 

Silicon. 

§ 597.  To  complete  this  general  view  of  the  non-metallic 
elements,  it  only  remains  that  we  describe  the  properties,  and 
a few  of  the  combinations,  of  silicon  and  boron : two  undecom- 
pounded substances,  which  differ  very  materially  from  all  the 
preceding,  but  are  connected  together  by  the  strongest  resem- 
blances. Like  carbon,  they  are  known  only  in  the  solid  state, 
and  are  perfectly  fixed  at  the  strongest  heat ; the  only  effect 
of  which  upon  them,  is  to  render  them  harder. 

§ 598.  Although  silicon  in  combination  with  oxygen  is 
one  of  the  most  abundant  substances  in  nature,  so  much  so  as 
to  entitle  it  to  be  considered  the  basis  of  the  mineral  kingdom. 
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as  charcoal  is  of  the  vegetable  and  animal^  its  insulation  is  only 
of  very  recent  date. 

By  heating  a mixture  of  fluor-spar  and  silica,  or  flint,  with 
strong  sulphuric  acid,  at  a moderate  heat,  an  acid  gas  is 
obtained,  which,  by  being  passed  into  a solution  of  potassa, 
combines  with  it,  and  forms  a salt,  which  must  be  separated 
by  evaporation,  and  afterwards  heated  nearly  to  redness.  By 
mixing  this  salt  with  about  eight  times  its  weight  of  potassium, 
and  heating  it  in  a green  glass  or  iron  tube,  a decomposition 
takes  place,  accompanied  by  a feeble  detonation  before  the 
mixture  becomes  red-hot.  When  the  mass  has  become  cold, 
all  the  soluble  parts  may  be  removed  by  washing,  and  silicon 
wall  remain.  It  will  be  in  the  form  of  a solid,  in  a disintegrated 
state,  of  a dark-brown  colour,  and  without  metaUic  lustre.  It 
does  not  conduct  electricity,  and,  when  first  prepared,  is  com- 
bustible both  in  common  air  and  in  oxygen  gas.  It  is  not 
acted  upon  by  the  sulphuric  or  nitric  acids,  even  when  assisted 
by  heat.  When  it  has  been  exposed  to  a high  temperature  it 
becomes  very  hard,  and  wiU  not  burn  even  in  oxygen  gas. 

Combination  of  Silicon  and  Oxygen. 

§ 599.  To  oxidate  silicon  completely,  it  may  be  mixed 
with  dry  carbonate  of  potassa,  and  heated  to  redness ; it  then 
burns  vividly  at  the  expense  of  the  carbonic  acid;  carbonic 
oxide  is  disengaged,  and  some  carbon  deposited.  In  this  pro- 
cess silicon  combines  with  its  own  weight  of  oxygen,  and  forms 
silica,  or  pure  flint,  which,  upon  the  supposition  of  its  being  a 
protoxide,  is  composed  of : — 

Silicon  . . . 50  ==  1 Equivalent  . 8 

Oxygen  . . . 50  = 1 „ . .8 

fo^  16 

Formula,  SiO ; 

and  the  equivalent  of  silicon  is  the  same  as  that  of  oxygen. 

§ 600.  Silica  is  found  in  a state  of  purity  in  the  form  of 
rock-crystal,  which  is  perfectly  colourless  and  transparent.  It 
may  also  be  obtained  by  calcining  common  flints,  quenching 
them  in  water,  and  then  reducing  them  to  powder.  In  this 
state  they  must  be  mixed  with  four  or  five  times  their  weight  of 
carbonate  of  potassa,  and  fused  in  a crucible  at  a strong  red 
heat.  The  compound  may  be  dissolved,  when  cold,  in  water. 
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and  the  alkaline  solution  dropped  gradually  into  dilute  muriatic 
acid.  The  muriatic  acid  combines  with  the  potassa,  and  the 
silica  is  separated  in  the  form  of  a white  translucent  jelly.  This 
is,  in  fact,  a hydrate  of  silica.  If  the  whole  be  evaporated  to 
dryness,  and  the  saline  matter  be  washed  off  from  the  fused 
mass,  pure  silica  will  remain.  It  is  a perfectly  white,  tasteless 
powder,  which  feels  harsh  between  the  fingers.  Its  specific 
gravity  is  2.6.  It  is  insoluble  in  water  and  in  every  acid,  except 
the  hydro-fluoric.  When  first  precipitated,  it  is  taken  up  by 
solutions  of  potassa  and  soda,  but  not  by  the  volatile  alkali. 
It  is  perfectly  infusible  by  all  ordinary  means,  but  is  said  to 
have  been  melted  in  the  oxyhydrogen  blowpipe.  It  ranks  with 
the  oxyacids,  from  its  combining  with  the  fixed  alkalies. 

Compound  of  Silicon  and  Chlorine. 

§ 601.  W^hen  silicon  is  heated  in  a current  of  chlorine, 
it  ignites  and  forms  a compound,  which  is  rapidly  volatilized. 
The  product  of  the  combustion  condenses  into  a liquid,  which 
is  colourless  when  pure,  but  is  generally  yellow  from  a portion 
of  chlorine  mixed  with  it.  It  may  also  be  produced  by  the 
joint  action  of  chlorine  and  carbon  upon  silica ; and  the  process 
affords  a good  example  of  the  efficacy  of  two  concurring  affini- 
ties, when  neither  singly  would  be  efficient.  It  consists  in 
mixing  equal  parts  of  hydrated  silicic  acid  and  starch  into  a 
paste  with  oil,  and  heating  the  mass  in  a covered  crucible,  so  as 
to  char  the  vegetable  matters.  In  this  way  an  intimate,  mixture 
of  silica  and  carbon  is  obtained,  which  is  placed  in  fragments  in 
a porcelain  tube  and  heated  to  redness,  while  a current  of  dry 
chlorine  is  passed  over  it.  The  oxygen  of  the  silica  unites  with 
the  carbon,  and  forms  carbonic  oxide ; and  the  silicon  and  the 
chlorine  at  the  same  moment  combine.  Neither  carbon  nor 
chlorine,  singly,  have  the  slightest  action  upon  silica.  The 
volatile  product  is  agitated  with  a little  mercury  to  free  it  from 
mixed  chlorine,  and  is  then  very  pure. 

Chloride  of  silicon  has  a suffocating  odour,  not  unlike  that 
of  cyanogen,  and  when  thrown  into  water  is  converted  into 
muriatic  acid  and  silica.  It  consists  of : — 

Silicon  . . . 18.3  = 1 Equivalent  . 8 

Chlorine  . . . 81.7  = 1 „ . .36 

100.0  44 


Formula,  SiCl. 
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Compound  of  Silicon  and  Fluorine. 

§ 602.  We  have  already  stated  that  hydrofluoric  acid 
acts  very  energetically  upon  glass : or,  as  we  may  now  add, 
upon  pure  silica.  The  product  of  the  action  is  a gas,  which 
may  easily  be  obtained  by  pouring  upon  powdered  fluor-spar, 
mixed  with  half  its  weight  of  fine  sand  or  glass,  an  equal  Aveight 
of  strong  sulphuric  acid.  It  may  be  collected  in  glass  jars  over 
mercury.  It  is  colourless,  and  possesses  a penetrating  odour 
and  sour  taste.  It  extinguishes  all  burning  bodies  when  im- 
mersed in  it,  and  produces  white  fumes  in  the  air  from  its  high 
attraction  for  moisture.  100  cubic  inches  weigh  about  112 
grains. 

Water  absorbs  263  times  its  bulk  of  the  gas,  and  the  solution 
may  be  kept  in  glass  vessels.  About  17  per  cent,  of  silica  is 
precipitated  during  the  solution,  owing  to  the  decomposition  of 
water,  the  oxygen  of  which  unites  with  the  silicon,  and  the 
hydrogen  with  the  fluorine,  which  forms  hydrofluoric  acid,  and 
which  remains  in  solution.  The  gas  condenses  twice  its  volume 
of  ammonia,  and  forms  with  it  a dry,  saline  compound.  It  also 
combines  with  other  bases. 

The  gas  is  most  probably  a binary  compound  of  silicon  and 
fluorine,  and  its  proper  name  would,  therefore,  be  fluoride  of 
silicon.  It  is  sometimes  called  fluosilicic  acid.  It  is  composed 
of : — 

Silicon 
Fluorine  . 


Formula,  SiF. 

Boron. 

§ 603.  When  two  parts  of  potassium  are  mixed  with 
one  of  horacic  acid,  which  has  been  previously  fused  and  pow- 
dered, and  the  two  are  heated  together  in  a copper  tube,  at  a 
temperature  of  about  300°  Fahrenheit,  they  suddenly  become 
red  hot ; and  when  the  product  has  been  washed  with  warm 
water,  a greenish-brown,  or  olive-coloured  substance  remains,  ' 
which  is  boron. 

It  is  insoluble  in  water,  tasteless,  and  without  action  upon  ' 
vegetable  colours.  It  is  a non-conductor  of  electricity.  It  may 


30.8  = 

1 Equivalent 

. 8 

69.2  r= 

1 

. 18 

100.0 

26 
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be  exposed  to  the  strongest  heat  in  close  vessels  without  under- 
going any  change,  except  becoming  harder  and  more  dense.  It 
does  not  decompose  water,  either  hot  or  cold.  Its  specific 
gravity  is  about  2.  When  heated  to  about  600°  Fahrenheit  in 
the  open  air  it  burns  vividly,  and  is  converted  into  boracic  acid. 

Compound  of  Boron  and  Oxygen. 

§ 604.  Boron  absorbs  about  68  per  cent,  of  oxygen 
during  its  conversion  into  boracic  acid. 

Boracic  acid  is  commonly  obtained  by  dissolving  a given 
weight  of  a salt  called  borax,  (which  is  imported  into  this 
country  from  India,  in  a rough  state,  under  the  name  of  tincal,) 
in  boiling  water,  and  adding  half  its  weight  of  sulphuric  acid, 
previously  diluted  with  an  equal  quantity  of  water.  As  the 
solution  cools,  scaly  crystals  are  precipitated,  which  is  the  sub- 
stance in  question.  It  is  also  found  native  in  the  neighbourhood 
of  volcanoes. 

It  is  destitute  of  odour,  and  possesses  very  little  taste.  It 
is  sparingly  soluble  in  water,  and  the  solution  reddens  blue 
vegetable  colours.  It  also  acts  as  an  alkali  upon  turmeric 
paper,  turning  its  yellow  tint  to  brown.  It  is  soluble  in 
alcohol,  and  communicates  a green  colour  to  its  flame.  It  fuses 
when  heated,  and  parts  with  its  water  of  crystallization.  There 
is  some  difficulty  in  fixing  the  equivalent  of  boron  and  of  this 
acid;  but  the  latter  is  probably  composed  of : — 

Boron  . . . 29.41  = 1 Equivalent  . 20 

Oxygen  . . . 70-59  = 6 Equivalents  . 48 

100.00 

Formula,  BOg. 

The  number,  68,  will  agree  with  the  proportion  in  which  it 
combines  with  soda,  to  form  borax.  The  aqueo-acid  will  then 
consist  of : — 

Anhydrous  Boracic  Acid  5.5.74  =:  1 Equivalent  . 68 

Water  . . , 44.26  = 6 Equivalents  . 54 

100.00  122 

Formula,  BOg  -|-  6 HO. 

Compound  of  Boron  and  Chlorine. 

§ 605.  The  chloride  of  boron  may  be  prepared  by  exactly 
similar  processes  to  those  which  have  been  described  for  pro- 


418 


FLUORIDE  OF  BORON, 


curing  chloride  of  silicon,  (§  601,)  only  substituting  boracic 
acid  for  silica. 

It  is  a colourless  gas,  which  may  be  obtained  in  a state  of 
purity  by  collecting  it  over  mercury,  which  absorbs  any  excess 
of  chlorine.  It  is  rapidly  absorbed  by  water,  but  with  instant 
decomposition,  and  the  production  of  muriatic  and  boracic 
acids.  Its  specific  gravity  is  3’94.  Its  exact  composition  has 
not  yet  been  accurately  determined.  It  forms  a liquid  com- 
pound with  ammonia. 

Boron  and  Fluorine. 

§ 606.  If  fluor  spar  be  mixed  with  half  its  weight  of 
vitrified  boracie  acid  instead  of  silica,  (§  602,)  and  gently  heated 
with  sulphuric  acid  in  a retort,  a gas  may  be  collected  over 
mercury,  which  greatly  resembles  the  fluosilicie  gas.  It  may 
also  be  obtained  by  exposing  a mixture  of  boracic  acid  and 
fluor  spar  together  in  an  iron  tube  to  a high  heat.  It  is  colour- 
less, possesses  a very  pungent  odour,  and  instantly  extinguishes 
flame.  It  occasions  a dense  white  cloud  when  it  eseapes  into 
the  air;  and  it  is  rapidly  absorbed  by  water,  whieh  takes  up 
700  times  its  volume.  Some  boracie  acid  is  deposited  during 
the  solution,  100  cubic  inches  of  the  gas  weigh  about  72 
grains.  The  saturated  solution  is  perfectly  limpid,  fumes  when 
exposed  to  the  air,  and  is  very  caustic.  It  acts  with  aU  the 
intensity  of  sulphuric  acid  upon  organized  bodies,  blackening 
and  disintegrating  them.  It  has  no  action  upon  glass,  but  it 
forms  secondary  combinations  with  ammonia  and  other  bases. 

It  is  most  probable  that  this  acid  is  a compound  of  boron 
and  fluorine,  and  it  should  therefore  be  called  fluoride  of  boron, 
but  its  exact  constitution  has  not  yet  been  aecurately  de- 
termined. 

§ 607-  We  have  thus  examined  the  properties  of  the 
NON-METALLic  ELEMENTS  as  far  as  our  purpose  and  limits 
permit;  and  we  have  illustrated,  chiefly  from  their  combinations 
with  each  other,  the  fundamental  laws  of  chemical  composition. 
By  way  of  recapitulation,  and  for  convenience  of  reference,  a 
table  is  subjoined  of  their  symljols  and  equivalents  in  the  order 
of  their  numerical  values  upon  the  hydrogen  seale,  together 
with  their  speeific  gravities  in  the  aeriform  state.  It  is  worth 
remarking,  that  the  order  of  their  equivalent  weights  is  very 
nearly  the  order  of  their  specific  weights,  allow'ing  for  the 
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expansion  of  those  bodies  which  combine  in  less  proportion 
than  one  volume  of  their  vapours. 


Table  XL.  Symbols,  Equivalents,  and  Densities,  of  the  Non~ 

Metallic  Elements, 


Symbol. 

Equivalent. 

Density. 

No. 

Vol. 

Air  1.000. 

Hydrogen  . 

II 

1 

□ 

0.069 

Carbon 

C 

6 

Oxygen 

0 

8 

CZl 

1.102 

Silicon 

Si 

8 

Nitrogen  . 

N 

14 

□ 

0.976 

Sulphur 

S 

16 

1 

g 

6.648 

Phosphorus 

P 

16 

1 

i 

4.354 

Fluorine  . 

F 

18 

Boron 

B 

20 

Chlorine  . 

Cl 

36 

□ 

2.500 

Selenium  . 

Se 

40 

Bromine  . 

Br 

78 

n 

5.400 

Iodine 

I 

126 

□ 

8.707 

§ 608.  In  establishing  the  elementary  character  of  these 
hitherto-undecompounded  kinds  of  matter,  we  have  demolished 
the  classical  and  popular  pretensions  of  air,  fire,  and  water,  to 
rank  amongst  the  first  principles  of  things.  Earth,  which  was 
the  only  other  element  admitted  by  the  Grecian  philosophers, 
will  afford  us  at  once  another  instance  of  the  loose  kind  of 
analogies  with  which  they  were  satisfied  in  their  speculations 
upon  natural  philosophy,  and  no  inappropriate  introduction  to 
the  METALLIC  ELEMENTS.  But  here  a difficulty  occurs  in 
fixing  the  meaning  of  the  word.  Every  one  attaches  a definite 
idea  to  the  terms  air,  water,  and  fire,  and  they  have  doubtless 
borne  the  same  meaning  in  all  ages  of  the  world;  but  the  terms 
earth,  earthy  body,  are  much  more  vague  and  indefinite.  At 
the  same  time,  an  earth  is  commonly  understood  to  be  a dull, 
solid,  opaque,  friable  substance,  without  lustre,  and  not  disposed 
to  burn  or  take  fire;  and  is  thus  distinguished  from  metals 
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on  the  one  handj  and  from  carbon  and  other  combustible 
substances,  on  the  other. 

According  to  common  experience,  the  greatest  part  of  com- 
bustible substances  leave,  when  they  are  burnt,  an  earthy  residue 
which  is  generally  called  their  ashes.  This  earthy  residue  is 
very  frequently  the  result  of  the  combination  of  some  metal 
with  oxygen; — it  is  an  oxide.  Wood,  and  other  vegetable 
substances  grown  at  a distance  from  the  sea,  when  burnt,  leaA^e 
an  abundance  of  such  ashes,  which  are  valuable  articles  of  com- 
merce, and  known  by  the  name  of  potashes.  They  are  alkaline, 
and  the  soluble  matter  which  may  be  obtained  from  them, 
when  purified  and  deprived  of  carbonic  acid,  by  the  elective 
affinity  of  lime,  is  exactly  the  same  as  that  which  is  obtained  by 
the  oxidation  of  the  metal  potassium,  and  is  called  joo^as^a. 

The  earthy  residue  of  the  combustion  of  sea-weeds  affords 
another  alkaline  substance,  whose  properties  verj’’  much  resemble 
potassa,  to  which  the  name  of  soda  has  been  given.  It  is  a 
combination  of  the  metal  sodium  (which  is  analogous  to  potas- 
sium) with  oxygen. 

There  are  other  substances  again,  which  occur  naturally  as 
earths,  such  as  clay  and  sand.  On  the  other  hand,  whenever 
We  burn  the  metals,  or  cause  them  to  combine  with  oxygen  by 
less  energetic  processes,  we  obtain  earthy  products  which  differ 
in  colour;  and  of  these  the  combinations  of  iron,  copper,  zinc, 
antimony,  may  be  taken  as  examples.  The  oxides,  in  short, 
used  formerly  to  be  known  by  the  name  of  the  earths  of  the 
metals.  They  frequently  occur  in  the  native  state,  and  con- 
stitute the  ores  from  which  the  metals  may  be  obtained. 

§ 609.  The  processes  of  reduction  are  aU  instances  of 
elective  attraction;  and  the  affinities  which  are  applied  to  this 
purpose  are  those  of  hydrogen  and  carbon,  most  frequently 
assisted  by  a high  temperature.  The  metals  potassium  and 
sodium  have  the  highest  affinity  for  oxygen,  and  therefore 
require  the  most  energetic  means  for  their  extraction.  It  may 
be  effected  by  causing  a combination  of  their  oxides  with  water) 
obtained  from  the  ashes  of  vegetables  as  we  haA^e  just  stated, 
carefully  purified,  to  pass  in  a melted  state  over  clean  iron 
turnings  heated  to  whiteness  in  a gun-barrel  properly  bent  and 
disposed  for  the  purpose.  A portion  of  hydrogen  gas  is  pro- 
bably first  disengaged  from  the  decomposition  of  the  water,  and 
reacting  upon  the  potassa  or  soda  (as  the  oxides  of  potassium 
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and  sodium  are  respectively  called),  combines  with  its  oxygen, 
and  sets  the  metals  free.  These  are  carefully  introduced  into 
some  liquid  (naphtha)  which  contains  no  oxygen  in  its  com- 
position, and  are  thus  preserved  (121). 

§ 610.  The  earths,  or  oxides,  of  other  metals,  may  also 
be  reduced  by  placing  them  in  tubes  heated  to  redness,  and 
passing  a current  of  hydrogen  over  them;  but  the  most  common 
process  is,  to  mix  them  with  charcoal  as  the  deoxidating  agent, 
and  expose  them  to  a strong  heat. 

In  processes  of  manufacture,  such  as  those  of  iron  and  tin, 
the  ores  (which  are  called  iron-stone  and  tin-stone)  are  mixed 
with  the  fuel,  and  ignited  in  properly-constructed  furnaces,  in 
the  bottoms  of  which  the  metals  are  collected  in  the  fused  state, 
and  are  thence  suffered  to  run  into  proper  moulds  placed  for 
their  reception. 

(121)  The  apparatus  for  the  production  of  potassium  is  here 
represented.  The  upper  figure  exhibits  the  gun-barrel  bent  into  the 
proper  form,  and  covered  from  o to  E Avith  fire-clay,  to  protect  it  from 
the  fire.  Pieces  of  fused  potassa  are  placed  in  the  inclined  part  from 
E to  c,  and  the  iron  turnings  occupy  the  space  from  e to  o.  a a is 
a copper  tube  and  small  receiver,  which  are  fitted  by  grinding  to  the 
extremity,  o. 


In  the  lower  figure  the  tube  is  seen  in  its  proper  position  in  the 
furnace.  Each  extremity  is  closed  by  bent  tubes,  x and  t,  dipping 
under  the  surface  of  mercury.  The  copper  vessel  is  kept  cool  by  Avet 
cloths,  and  the  potassa  is  fused  by  red-hot  charcoal,  in  the  tray,  o. 
The  fire  is  urged  to  the  utmost  by  a good  double  bellows  entering  the 
ash-pit  at  B. 
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§ 611.  A better  instance  cannot  be  adduced  of  the  influ- 
ence of  prejudice  on  the  mind,  and  of  the  particular  ancient 
prejudice  with  regard  to  the  elements  which  we  are  engaged  in 
combating  by  the  experimental  philosophy,  than  the  science  of 
the  reduction  of  the  metals  affords.  Even  so  late  as  the  end 
of  the  seventeenth  century,  an  eminent  German  philosopher, 
Stahl,  invented  an  hypothesis  to  explain  the  process  of  com- 
bustion, which  was  long  celebrated  by  the  name  of  the  Phlogistic 
Theory.  In  it  the  elementary  nature  of  the  earths  was  taken 
for  granted,  and  the  metals  were  supposed  to  be  compounds  of 
these  simple  substances,  with  an  universal  principle  of  inflam- 
mability, or  fire,  to  which  was  given  the  name  of  phlogiston. 

It  professed  to  be  founded  upon  the  basis  of  experiment.  When 
zinc  was  heated  to  redness  it  burnt  with  a brilliant  flame,  and 
was  converted  into  a white  earth;  hence  it  was  concluded  that 
zinc  consists  of  this  earth  and  phlogiston.  Again  the  earth  was 
heated  with  charcoal,  or  some  other  body  abounding  in  the 
imaginary  phlogiston,  with  which  it  combined,  and  the  metal 
was  reproduced.  When  it  was  subsequently  observed  that  the 
body  burning  always  increased  in  weight,  there  were  not 
wanting  those  who  went  the  whole  length  of  ascribing  lightness 
as  a quality  to  phlogiston,  by  parting  with  which  the  burnt 
body  became  heavier.  Notwithstanding  this  difficulty,  and  the 
necessary  presence  of  air  to  the  combustion,  the  opinion  was 
immediately  embraced  by  the  generality  of  chemists,  and  main- 
tained its  ascendency  for  more  than  fifty  years,  until  shaken  and 
upset  by  the  arguments  of  Lavoisier. 

But,  although  afterwards  proved  by  reference  to  the  balance 
to  be  utterly  void  of  foundation,  we  must  not  suppose  that  this 
hypothesis  was  without  its  use:  on  the  contrary  it  fully  answered 
for  the  time  all  the  legitimate  purposes  of  a theory;  for  it 
connected  together  into  one  consistent  view  a vast  multitude  of  | 
detached  facts  and  observations,  and  brought  them,  as  a whole,  | 
within  the  province  of  philosophic  speculation.  In  this  view  j 
were  included  the  processes  of  acidification,  combustion,  and  j 
respiration;  the  importance  of  which  classification  remains 
undiminished  at  this  day,  and  constitutes  one  of  the  greatest 
steps  which  perhaps  was  ever  made  by  chemical  philosophy. 

§ 612.  Tlie  metals  constitute  a well-known  class  of  sub-  i 
stances,  distinguished  from  other  substances  by  characters  which 
every  one  recognises.  The  class  is  numerous,  but  none  of  them  ' 
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lias  been  resolved  into  more  simple  forms  of  matter,  and  they 
are  therefore  considered  to  be  chemical  elements. 

The  metallic  character  forms,  as  we  have  seen,  the  first 
ground  for  classification,  and  the  elements  are  divided,  with 
reference  to  it,  into  metallic  and  non-metallic.  Although  popu- 
larly recognised,  it  is  diflicult  to  define  with  accuracy.  With 
one  exception,  namely  quicksilver,  they  are  all  solid  at  ordinary 
temperatures,  but  are  capable  of  liquefaction,  and  even  volatili- 
zation, at  different  high  degrees  of  heat.  Their  most  striking 
property  is  their  lustre,  which  is  so  remarkable  as  to  be  known 
by  the  name  of  the  metallic  lustre;  it  is  at  once  recognised,  but 
difficult  to  describe.  It  is  dependent  upon  their  action  upon 
light,  and  made  up  of  opacity  and  reflexion. 

With  regard  to  their  other  general  physical  characters,  they 
possess  in  different  degree  a peculiar  tenacity,  which  in  its 
greatest  perfection  renders  them  malleable  and  ductile,  or 
capable  of  being  extended  under  the  hammer,  and  drawn  into 
wire,  properties  which  belong  to  no  other  species  of  matter. 
One  grain  of  gold  may  be  extended  so  as  to  cover  fifty-two 
square  inches  of  surface,  and  yet  have  its  lustre  unimpaired: 
and  platinum  wire  has  been  obtained  the  -g-o 
in  diameter,  which  is  invisible,  except  under  particular  circum- 
stances of  illumination.  There  are,  however,  various  gradations 
of  this  property,  which  end  in  brittleness;  and  antimony  may 
easily  be  pounded  in  a mortar. 

Metals  also  differ  in  hardness,  some  being  capable  of 
scratching  glass,  as  titanium  and  iron;  others,  on  the  contrary, 
may  be  cut  by  the  finger-nail,  as  lead,  potassium,  and  sodium. 
Their  points  of  fusion  vary  between  —40°,  the  freezing-point 
of  mercury,  and  the  melting-point  of  platinum,  which  is  a little 
beyond  3280°. 

A high  specific  gravity  was  one  of  their  most  marked  cha- 
racteristics, till  the  recent  discovery  of  the  metals  of  the  alkalies; 
and  so  intimately,  till  then,  was  the  metallic  lustre  associated, 
in  the  minds  even  of  the  well-informed,  with  great  weight,  that 
when  a piece  of  potassium  was  placed  by  Sir  H.  Davy,  for  the 
first  time,  in  the  hand  of  an  eminent  teacher  of  chemistry,  in 
admiring  its  perfect  metallic  characters  he  poised  it  upon  his 
finger,  and  exclaimed,  “^how  heavy!’’  This  prejudice  was  only 
removed  by  seeing  it  float  upon  water. 

Platinum  is  the  densest  form  of  matter  with  which  we  are 
acquainted,  and  its  specific  gravity  is  20.98.  The  lightest  metal 
is  potassium,  and  its  specific  gravity  is  0.805. 
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We  have  already  found  that  the  metals  are  the  best  conduc- 
tors of  heat,  and  one  of  their  most  marked  physical  characters 
is  the  perfect  way  in  which  they  conduct  electricity.  The  only 
substance  which  can  be  compared  with  them  in  this  property  is 
charcoal,  and  this  is  inferior  to  iron,  the  worst  of  the  class. 

They  are  chemically  distinguished  by  forming  saline  bases 
(or  substances  capable  of  neutralizing  and  entering  into  second- 
ary union  with  acids,)  with  oxygen.  Gold  and  arsenic  are  the 
only  exceptions  to  this  rule.  The  affinity  of  the  metals  for 
oxygen  varies  very  greatly  between  those  of  gold  and  platinum, 
whose  oxides  may  be  decomposed  by  the  slightest  forces,  and 
that  of  potassium,  which  will  attract  oxygen  from  every  known 
compound. 

The  metallic  elements  are  very  numerous  and  amount  to  42, 
and  they  have  been  subdivided  into  classes  in  rather  an  im- 
perfect manner  by  the  difference  of  their  affinity  for  oxygen. 


Class  I. — Metals  the  oxides  of  which  give  off  their  oxygen  by 

mere  heat- 


Noble  Metals  . . ( 


1 Mercury. 

2 Silver. 

3 Gold. 

4 Platinum. 

5 Palladium 
(i  Rhodium. 

7 Iridium. 

8 Osmium. 


Class  II. — Metals  which  retain  oxygen  at  high  temperature  but  do 
not  decompose  water  at  any  temperature. 


N ON-  Acidifiable 


''  9 Lead. 

10  Copper. 

11  Titanium. 

12  Bismuth. 

13  Cerium. 

14  Lantanum. 

15  Uranium. 

16  Tellurium. 


Acibifiable 


' 1 7 Antimony. 

18  Columhium. 

19  Tungsten. 

20  Molybdenum. 

21  Chromium. 

22  Vanadium. 

\ 23  Arsenic. 
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Class  III. — Metals  which  retain  oxygen  at  high  temperature  and 
decompose  water  at  a red  heat. 

' 24  Nickel. 

25  Cobalt. 

26  Iron. 

( 27  Tin. 

28  Cadmium. 

29  Zinc. 

\ 30  Manganese,  {acidifiable.) 

Class  IV. — Metals  which  retain  oxygen  at  high  temperature  and  do 
not  decompose  water  at  ordinary  temperature, 

r 31  Aluminum. 

I 32  Yttrium. 

Terrifiable  Metals  . / 33  Glucinum. 

34  Thorinum. 

35  Zirconium. 

Class  V. — Metals  which  retain  oxygen  at  high  temperature  and 
decompose  water  at  ordinary  temperature. 

' 36  Potassium. 

37  Sodium. 

38  Lithium. 

Alkalifiable  Metals,  i 39  Calcium. 

40  Barium. 

41  Strontium. 

V 42  Magnesium. 

It  is  no  part  of  our  present  purpose  to  enter  upon  the 
inclmdual  history,  properties,  modes  of  extraction,  and  applica- 
tion of  this  numerous  class  of  elements  which  are  bound  together 
by  the  strongest  analogies ; but  the  following  table  will  include 
as  much  of  the  particulars  as  can  conveniently  be  thus  collected; 
after  which  we  will  proceed  to  select  such  examples  of  their 
combinations  as  may  illustrate  the  laws  of  composition  and  the 
philosophy  of  the  subject. 

With  regard  to  the  equivalent  numbers  and  densities  ex- 
hibited in  the  preceding  table,  we  cannot  but  again  remark  that 
tlie  hea\nest  metals  have  the  highest  combining  numbers,  and 
that,  speaking  generally,  when  the  specific  gravity  varies  from 
10  to  20,  the  equivalents  are  about  or  above  100;  and  when  the 
specific  gravity  is  below  8 the  combining  ratios  are  about  30. 
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Table  XLI. — Symbols,  Equivalents,  and  Physical  Properties 
of  the  Metallic  Elements. 


Common 

Names. 

Latin 

Names. 

Symbols 

Equi- 

valents. 

Densities 

Fusibility. 

Cohesion. 

Hydrogeuium 

H 

1 

Lithium  . . 

L 

7 

Magnesium  . 

Mg 

12 

Aluminum  . 

A1 

14 

Glucinum 

G1 

18 

Calcium  . , 

Ca 

20 

Zirconium 

Zr 

22 

Sodium 

Natronium  . 

Na 

24 

0-972 

190“  F 

malleable 

Titanium . . 

Ti 

..24 

5.30 

Oxy-hydrogen 

brittle 

blow-pipe 

Iron  . . 

Ferrum  . . 

Fe 

28 

7.78 

2786“ 

malleable 

Manganese 

Manganesium 

Mn 

28 

6.85 

brittle 

Chrome  . 

Chromium  . 

Cr 

28 

... 

Oxy-hydrogen 

brittle 

Nickel . 

Nickelium  . 

Ni 

30 

8.27 

... 

malleable 

Cohalt . . 

Cohaltum . . 

Co 

30 

8.53 

... 

brittle 

Copper 

Cuprum  . , 

Cu 

32 

8.89 

1996“ 

malleable 

Zino  . . 

Zincum  . . 

Z 

32 

7.00 

773“ 

malleable 

Yttrium  . . 

Y 

32 

Arsenic 

Arsenicum  . 

As 

38 

5.80 

. . • 

brittle 

Potassium 

Kalium  . . 

Ra 

40 

0.865 

136“ 

malleable 

Strontium 

Sr 

44 

Molybdenum 

Mo 

48 

7.40 

Oxy-hydrogen 

brittle 

Rhodium  . . 

R 

52 

... 

Oxy-hydrogen 

brittle 

Palladium 

Pd 

54 

11.50 

... 

malleable 

Cadmium . 

Cd 

56 

8.60 

442“ 

malleable 

Tin . . . 

Stannum  . . 

Sn 

59 

7.30 

442“ 

malleable 

Uranium  . . 

Ur 

60 

Tellurium 

Te 

64 

6.10 

600“ 

brittle 

Antimony . 

Stibium  . 

Sb 

64 

6.70 

about  900“ 

brittle 

Thorinum 

Th 

68 

Vanadium 

V 

69 

Barium  . . 

Ba 

69 

Bismuthum  . 

Bi 

72 

9.80 

497° 

brittle 

Tungsten  . 

W ollramium 

W 

96 

17.50 

Oxy-hydrogen 

brittle 

Platinum . . 

Pt 

99 

20.98 

about  3300“ 

malleable 

Iridium  . . 

Ir 

99 

Osmium  . . 

Os 

100 

18  68| 

O.xy-hydrogen 

Lead  . . 

Plumbum 

Pb 

104 

11.35' 

612“ 

malleable 

Silver  . . 

Argentum  . 

Ag 

108 

10.47 

1773“ 

malleable 

Columbium  . 

Cob 

185 

... 

Oxy-hydroffen 

brittle 

Gold  • , 

Aurum  . . 

Au 

200 

19.25 

2016“ 

malleable 

Mercury  . 

Hydrargyrum 

Hg 

202 

13.56 

-39" 

malleable 

Lantanum  , 

L 

? 

Cerium  . . 

Ce 

? 

brittle 
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PRIMARY  COMBINATIONS. 

1.  Alloys. 

§ 613.  Now  these  metallic  elements  can  scarcely^  perhaps, 
he  said  to  combine  together  under  the  higher  force  of  chemical 
affinity;  they  do  not  unite  to  form,  strictly  speaking,  new 
species  of  matter;  but  their  union  more  resembles  that  which 
we  have  already  distinguished  as  residting  from  heterogenous 
adhesion  or  solution.  The  compounds,  though  highly  useful  in 
the  arts,  possess  little  scientific  interest.  Gold  and  silver,  which 
are  difficultly  fusible  metals,  dissolve  readily  in  mercury  at 
ordinary  atmospheric  temperatures;  so  will  copper  dissolve  in 
melted  zinc.  The  vapour  of  one  metal  will  even  penetrate 
another  metal  without  destroying  its  cohesion.  It  is  thus  that 
copper  plates  and  rods  are  often  converted  superficially  into 
brass  by  exposure  at  a high  temperature  to  the  fumes  of  zinc ; 
and  afterwards  laminated  or  drawn  into  wire.  The  properties 
of  the  alloys,  as  the  mutual  combinations  of  the  metals  are 
called,  are  mostly  intermediate  between  those  of  their  ingre- 
dients : but  they  sometimes  combine  in  equivalent  proportions, 
and  definite  compounds  will  frequently  crystallize  from  the 
liquid  amalgams  of  gold,  silver,  lead,  tin,  &c.  The  specific  gravity 
of  an  alloy  often  differs  very  materially  from  that  of  the  mean 
of  its  two  ingredients.  For  example,  the  alloy  of  gold  and 
zinc  has  a specific  gravity  greater  than  the  mean ; of  gold  and 
copper,  less ; silver  and  zinc,  again,  greater ; silver  and  copper, 
less.  In  the  act  of  combination  they  often  evolve  heat : thus, 
when  platinum  and  tinfoil  are  fused  together  there  is  vivid 
ignition;  while  on  the  other  hand,  as  we  have  seen  (§  177)^ 
sufficient  heat  is  absorbed  by  the  solution  of  certain  metals  in 
mercury,  to  cause  the  congelation  of  water. 

The  fusibility  of  an  alloy  is  generally  greater  than  that  of 
its  components;  and  platinum,  which  is  infusible  in  our  best 
furnaces,  forms  a very  fusible  alloy  with  arsenic.  An  alloy  of 
certain  proportions  of  lead,  tin,  and  bismuth  (§  178),  is  fusible 
at  212°,  many  degrees  below  the  temperature  of  its  most  fusible 
ingredient. 

Such  differences  we  often  notice  in  solutions  and  mixtures. 

§ 614.  Of  a very  different  character  are  the  combina- 
tions of  the  metallic  elements  with  the  non-metallic ; some  of 
which  we  have  already  cursorily  noticed  as  illustrations  of  the 
characters  of  the  latter.  They  are  almost  infinite  in  number. 
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and,  of  coxxrse,  vary  very  much  in  interest.  We  can  do  no 
more,  at  present,  than  mark  the  general  characters  of  each  class. 

2.  Oxides. 

§ 615.  By  far  the  most  important  class  of  metallic  com- 
pounds are  the  combinations  of  the  metals  with  oxygen ; but 
the  energy  of  their  affinity  for  this  element  differs  in  a very 
great  degree.-  The  oxide  of  gold  is  reducible  by  the  mere 
agency  of  light,  while  the  oxides  of  some  metals  can  scarcely  he 
reduced  by  the  agency  of  the  highest  elective  affinity  assisted  by 
the  most  intense  heat.  One  metal  will  take  oxygen  from 
another,  as  when  oxide  of  mercury  is  reduced  by  distUlation 
from  metallic  iron,  or  oxide  of  manganese  by  potassium.  This 
even  happens  when  the  oxide  is  in  solution,  and  thus  silver 
may  be  precipitated  from  the  solution  of  its  oxide  in  nitric  acid 
by  mercury,  or  mercury  from  its  nitrate  by  copper. 

Most  of  the  metals  enter  into  combination  with  oxygen  in 
multiple  proportions;  and  almost  invariably  the  compounds  of 
single  equivalents  constitute  sahne  bases,  or  bodies  capable  of 
forming  salts  with  the  acids.  A second  equivalent  of  oxygen 
sometimes  leaves  this  power.  Thus,  HgO  and  HgOg  both  form 
salts  with  nitric  acid,  and  FeO  and  FeOji  form  salts  with  the 
sulphuric  acid. 

But  the  second  equivalent  often  takes  away  the  power  of 
such  combination  altogether;  thus  the  protoxide  of  manganese, 
MnO,  is  a salifiable  base,  and  combines  readily  -ndth  sulphuric 
acid,  but  the  peroxide,  MnOg,  is  obliged  to  give  off  an  equiva- 
lent of  oxygen  before  it  can  enter  into  combination  mth  the 
same  acid. 

A further  addition  of  oxygen  wiU  sometimes  convert  a metal 
into  an  acid ; as  in  the  last  instance  MnOg  forms  the  manganic 
acid,  which  combines  with  potassa  and  other  bases,  forming  a 
well-defined  class  of  salts. 

In  the  Class  II.  of  the  Metals,  seven  are  distinguished  as 
constituting  a subdivision  of  acidifiable  metals;  amongst  -nffiich 
stands  arsenic,  the  only  metal  whose  oxides,  even  of  the  lowest 
degree  probably,  have  all  acid  properties. 

Thus  AsOji  constitutes  the  Arsenious  acid. 

AsOoi  55  Arsenic  acid. 

In  Class  III.,  also,  manganese  is  distinguished  as  acidifiable. 

Most  of  the  metallic  oxides  are  also  capable  of  performing 
the  functions  of  an  acid  with  regard  to  the  non-metalhc  base 
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ammonia,  and  thus  the  oxides  of  gold,  silver,  copper,  &c.,  are 
dissolved  by  the  volatile  alkali,  and  are  called  ammoniurets. 

They  also  combine  in  equivalent  proportions  with  water, 
and  are  then  designated  as  hydrates  or  hydrated  oxides. 

Some  metals  are  capable  of  forming  sub-oxides,  in  which 
two  or  more  equivalents  of  the  metal  are  combined  with  one 
equivalent  of  oxygen.  Thus  a dinoxide  of  lead  may  be  formed 
by  heating  oxalate  of  lead  to  a dull  red  heat  in  a glass  vessel. 
The  gray  powder  which  remains  is  Pb20. 

3.  Chlorides. 

§ 616.  Next  in  importance  to  the  combinations  of  the 
metals  with  oxygen  stand  those  with  chlorine,  and  as  we  have 
already  seen,  their  affinity  with  this  non-metallic  element  is  of 
the  most  energetic  kind.  'The  attraction  of  chlorine  for  the 
metals  even  surpasses  that  of  oxygen.  Thus  when  this  gas  is 
brought  into  contact,  at  a red  heat,  with  lime,  magnesia,  baryta, 
strontia,  potassa  or  soda,  oxygen  is  given  olF,  and  a chloride  of 
the  metal  is  generated,  the  elements  of  which  are  so  strongly 
united  that  no  degree  of  heat  can  separate  them. 

We  have  already  (§  531)  remarked  upon  production  of 
chlorides  by  the  action  of  the  hydrochloric  acid  upon  the 
oxides  of  the  metals  with  the  formation  of  water:  by  evapo- 
ration to  dryness  and  exposm'e  to  a red  heat,  the  water  may  be 
expelled  from  the  compound. 

Chlorine  also  combines  with  the  metals  in  multiple  propor- 
tions. 

Some  of  the  metallic  chlorides  are  volatile,  and  may  be 
sublimed  without  change;  such  are  the  chlorides  of  arsenic,  tin, 
antimony,  and  mercury.  Two  only  are  wholly  insoluble  in 
water,  namely,  the  chloride  of  silver  and  the  protochloride  of 
mercury. 

Some  of  the  chlorides  are  capable  of  entering  into  secondary 
combustion  with  each  other,  and  form  a class  of  double  chlorides. 

■ 4.  Iodides  and  Bromides. 

§ 61 7.  The  compounds  of  iodine  and  bromine  with  the 
metals  are  so  closely  analogous  to  the  chlorides,  that  we  need 
not  dwell  upon  them. 

5.  SULPHURETS. 

§ 618.  All  the  metals  are  capable  of  combining  with 
sulphur,  and  their  sulphurets  may  be  obtained  by  different 
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processes.  Some  of  them  occur  native,  and  constitute  their 
principal  ores.  They  may  be  formed  by  heating  the  metal  in  a 
close  vessel  with  sulphur;  and  it  sometimes  happens  that  the 
metal  burns  in  the  vapour  which  is  formed. 

By  heating  sulphur  also  with  a metallic  oxide  sulphurous 
acid  will  often  be  formed,  and  the  metallic  sulphuret  remain 
behind. 

By  passing  hydrogen  over  the  dry  sulphate  of  the  metal  the 
oxygen  of  the  acid  will  be  abstracted,  and  the  sulphur  remain  in 
union  with  the  metal. 

The  sulphurets  may  also  be  formed  by  the  action  of  sul- 
phuretted hydrogen  (or  hydrosulphuric  acid)  upon  the  solutions 
of  the  metallic  oxides,  in  a manner  perfectly  analogous  to  the 
formation  of  chlorides  by  the  action  of  hydrochloric  acid  upon 
the  same  oxides. 

Some  of  the  sulphurets  have  a metallic  lustre,  as  the  sul- 
phurets of  silver  and  lead;  others  are  more  or  less  transparent, 
as  the  protosulphuret  of  arsenic.  Some  are  fusible  and  some 
volatile.  A few  are  soluble,  but  the  greater  part  insoluble, 
in  water.  Generally  speaking,  the  sulphurets  correspond  in 
number  and  eqxiivalent  composition  with  the  oxides  of  their 
respective  metals. 

Some  of  the  sulphurets,  also,  enter  into  combination  with 
each  other,  and  are  distinguished  as  double  sidphurets. 

6.  Seleniurets. 

§ 619.  The  combinations  of  selenium  with  the  metals 
correspond  as  closely  with  their  sulphm'ets  as  the  iodides  do 
with  the  chlorides. 

7.  Phosphurets. 

§ 620.  Phosphorus  combines  with  the  greater  number  of 
the  metals;  but  the  metallic  phosphurets  have  been  very  little 
examined,  and  possess,  at  present,  very  little  interest.  They 
are  best  obtained  by  heating  a mixture  of  the  metal,  or  its 
oxide,  with  phosphoric  acid  and  charcoal.  When  phosphuret 
of  barium  or  cahcium  is  brought  into  contact  with  water  phos- 
phuretted  hydrogen  is  formed,  and  a hypophosphite  of  the 
oxide  of  the  metal. 

8.  Carburets. 

§ 621.  Carbon  has  but  a feeble  affinity  for  the  metals; 
and  with  one  only  does  it  form  compounds  of  any  importance. 
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Carburet  of  iron  forms  the  varieties  of  cast  iron  and  steel;  but 
it  is  even  doubtful  whether  these  combinations  are  in  equivalent 
proportions. 

§ 622.  Silicon  and  Boron  appear  to  stand  nearly  in  the 
same  relation  to  the  metals  as  Carbon. 

9.  Nitrurets. 

§ 623.  It  is  supposed,  that  by  the  action  of  heat  upon 
some  metallic  compounds  of  ammonia  true  nitrurets  of  the 
metals  have  been  formed.  It  is  said,  that  the  nitruret  of 
copper,  for  instance,  may  be  procured  by  passing  ammonia  over 
anhydrous  oxide  of  copper,  at  a temperature  of  480°  Fahrenheit; 
water  is  evolved  and  the  copper  and  nitrogen  unite  forming  a 
hlack  powder,  which,  at  a temperature  of  540°  is  resolved  into 
its  elements  with  the  evolution  of  a red  light;  its  formula  is 
said  to  be 

CufiN. 

But  httle,  however,  is  known  of  these  compounds,  and  it  is 
certain,  that  the  affinity  of  nitrogen  for  the  metals  is  of  the 
feeblest  kind. 

10.  Hydrurets. 

§ 624.  Hydrogen  also  seems  to  be  deficient  in  that  oppo- 
sition of  properties  to  the  metals,  which  is  essential  to  intimate 
chemical  combination.  It  forms  permanent  compounds  with 
two  or  three  only  of  their  number. 

Arseniuretted  hydrogen  may  be  formed  by  melting  together, 
in  a covered  crucible,  three  parts  of  granulated  tin  and  one  part 
of  metalhc  arsenic  in  powder,  and  submitting  the  alloy,  in 
fragments,  to  the  action  of  muriatic  acid  in  a glass  retort.  On 
the  application  of  a moderate  heat  a gas  is  given  off,  which  may 
be  eollected  over  the  water  bath.  It  is  colourless,  without  acid 
properties,  and  its  specific  gravity  is  about  0.5.  It  extinguisbes 
combustible  bodies,  and  is  intensely  poisonous.  The  only 
other  hydrurets  known  as  those  of  tellurium  and  antimony. 

SECONDARY  COMBINATIONS. 

Constitution  of  Salts. 

§ 625.  We  have  already  adverted  (§  477)  fo  secondary 
combination  of  acids  and  bases,  and  to  that  neutralization  of 
properties  which  generally  takes  place  when  they  unite  together 
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in  single  equivalents,  whether  they  belong  to  the  class  of  oxy- 
acids  or  to  that  of  hydro-acids.  The  products  of  such  com- 
bination have  been  called  salts,  and  their  usual  specific  nomen- 
clature we  have  previously  explained  (§  489  and  490). 

When  two  substances  are  thus  added  together,  and  produce 
by  their  union  a tertium  quid,  it  is  difficult,  perhaps,  not  to 
imagine  that  the  compound  contains  each  of  the  ingredients  so 
combining;  and  no  prejudice  perhaps  was  ever  more  strong 
than  that  which  satisfied  chemists  for  a long  time,  that  a salt 
contained  both  the  acid  and  the  base  from  which  it  may  be 
formed.  Thus,  muriate  of  soda  was  as  surely  believed  to  con- 
tain muriatic  acid  and  soda,  (as  its  name  imports,)  as  sulphate  of 
potassa  to  contain  sulphuric  acid  and  potassa.  We  have  seen, 
however  (§  532),  that  with  regard  to  the  former  of  these  two 
salts,  the  progress  of  science  has  demonstratively  proved  that 
neither  muriatic  acid  nor  soda  enter  into  its  composition;  but 
that  it  is  a simple  binary  compound  of  chlorine  and  the  metal 
sodium,  and  that  the  action  of  all  the  hydro-acids  upon  metallic 
bases  give  rise  to  similar  results.  It  now  remains  to  be  shewn 
that  an  analogous  view  may  be  taken  of  other  classes  of  salts, 
and  that  in  sulphate  of  potassa  there  may  be  neither  sulphuric 
acid,  nor  potassa,  but  sulphur,  oxygen,  and  potassium,  in  some 
other  and  more  simple  mode  of  combination.  Such  a view,  it 
will  be  hereafter  seen,  may  not  only  be  maintained  as  a plau- 
sible hypothesis,  but  rests  upon  such  experimental  evidence  as 
must  shortly  insure  its  universal  reception,  and  a modification 
of  the  nomenclature  by  which  the  salts  are  designated. 

One  difficulty  which  has  long  been  felt  is  at  once  removed 
by  it,  namely,  that  bodies  so  totally  different  in  composition  as 
the  compound  of  chlorine  with  a metal  on  the  one  hand,  and  of 
an  oxyacid  with  the  oxide  of  a metal  on  the  other,  should  be 
so  similar  in  properties  as  to  require  to  be  classed  together  as 
salts;  and  in  their  further  combinations  should  constitute  series 
of  compounds  perfectly  parallel  with  each  other,  for  it  wall  be 
found  that  the  structure  of  the  two  classes  of  salts  may  be 
perfectly  assimilated  by  the  view  in  question. 

§ 62G.  Let  us  first  recall  to  our  recollection  that  the 
greater  number  of  those  bodies  which  have  been  termed  oxy- 
acids,  have  not  been  insulated,  and  that  w^e  are  supposed  to 
know  them  only  as  combined  wdth  water  or  a base.  Thus,  as 
was  noticed  when  speaking  of  its  constitution  (§  464),  nitric  acid 


THEORY  OF  SALTS. 


433 


NO5  cannot  exist  alone,  and  NO5HO  constitutes  the  strongest 
known  acid.  So  again  with  regard  to  the  oxalic  acid  (§  497),  the 
sublimed  crystals  contain  one  equivalent  of  water,  when  this  is 
abstracted  from  them  C 0;„  HO  this  immediately  resolved  into 
CO,  COo.  So  that  what  are  termed  the  dry  acids  cannot  be 
proved  to  exist,  although  we  suppose  them  to  enter  into  the 
composition  both  of  the  aqueo-acids  and  their  salts. 

Again,  with  regard  to  such  compounds  as  those  which  have 
been  described,  as  the  anhydrous  sulphuric  acid  (§  565),  and  the 
anhydrous  phosphoric  acid  (§  589),  their  affinities  for  the 
bases  is  much  more  feeble  than  that  of  their  aqueo-acids,  and 
they  even  require  a high  temperature  to  render  them  effective. 
In  the  absence  of  all  moisture  the  anhydrous  sulphuric  acid 
has  no  action  upon  litmus  paper,  and  these  anhydrous  com- 
pounds certainly  do  not  manifest  acid  properties  in  a degree  at 
all  comparable  to  that  of  their  combinations  with  water.  The 
telluric  acid  manifests  this  difference  in  a very  remarkable 
manner.  The  crystallized  acid  is  composed  of  TeOgjS  HO,  and 
it  may  readily  be  obtained  in  combination  with  potassa,  by 
dissohing  the  proper  proportions  of  the  hydrated  acid  and 
carbonate  of  potassa  together  in  hot  w^ater.  It  loses  two  equi- 
valents of  its  water  by  efflorescence  above  212°,  but  is  not  per- 
manently altered  thereby  in  its  character ; but  at  a heat  under 
redness  it  parts  with  all  its  water,  and  loses  its  acid  properties 
altogether.  The  colourless  crystals  of  the  hydrated  acid  become 
a mass  of  a fine  orange  colour  without  losing  their  form,  and  it 
is  then  remarkable  for  its  indifference  to  all  chemical  reagents, 
being  completely  insoluble  in  cold  or  boiling  water,  in  hydro- 
chloric, and  nitric  acids,  and  in  a strong  solution  of  potassa. 
Here  it  is  evident  that  the  acid  property  depends  entirely  upon 
the  water. 

§ 627.  Now  let  us  suppose  that  in  aU  these  cases  as 
with  the  hydro-acids,  it  is  the  hydrogen  which  constitutes  the 
proper  acidifying  element,  and  observe  how  close  a parallel  may 
be  drawn  between  the  action  of  hydrochloric  acid  and  that 
of  aqueosulphuric  acid  upon  the  metal  zinc  and  its  oxide. 
When  hydrochloric  acid  (IICl)  acts  on  zinc,  the  metal  is 
dissolved,  and  ZnCl  is  formed,  and  hydrogen  given  off.  When 
the  same  acid  is  made  to  act  upon  oxide  of  zinc,  the  same  salt 
IS  formed,  and  water  produced. 

HCi  + ZnO  = ZnCI,  + HO. 
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Aqueosulphuric  acid  may  be  taken  as  HSO4,  and  when 
brought  to  act  upon  metallic  zinc,  ZnS04  is  produced,  and 
hydrogen  evolved.  Again,  when  brought  in  contact  with  oxide 
of  zinc,  the  same  salt  results  with  water;  for 

HSO4  + ZnO  = ZnS04  + HO. 

The  combination  SO4  may  be  regarded  as  a radicle  (§  521) 
capable  of  being  substituted  for  the  elementary  substances 
chlorine,  iodine,  bromine,  &c.,  or  for  an  equivalent  radicle 
cyanogen  in  combination  with  hydrogen.  It  is  true  that  these 
oxygen  radicles  have  not  been  fairly  insulated,  but  this  difficulty 
is  no  greater  than  that  to  which  we  are  driven  in  the  opposite 
hypothesis  of  the  dry  acids,  and  we  have  other  phenomena  of 
which  the  present  view  offers  by  far  the  most  consistent 
explanation. 

§ 628.  Thus  it  is  well  known  that  in  neutral  salts  the 
number  of  equivalents  of  acid  are  the  same  as  the  number  of 
equivalents  of  oxygen  in  the  base;  a fact  which  is  wholly  unex- 
plained by  the  old  theory;  whereas  it  must  follow  from  the  prin- 
ciples of  the  new;  as  it  is  obvious  that  to  form  water  vdth  the 
oxygen  of  the  base,  an  equal  number  of  equivalents  of  hydrogen 
must  be  derived  from  the  acid.  Thus  the  protoxide  of  iron, 
FeO,  requires  1 equivalent  of  aqueosulphuric  acid  to  form  the 
protosulphate  of  iron;  for 

IISO4,  FeO  = FeS04,  HO. 

But  the  sesquioxide,  FeOii,  requires  li  equivalent  of  the  same 
acid  to  form  the  sesquisulphate;  for 

L^HS04,  FeOji  = Fe  1^804,  UHO. 

Or,  to  avoid  the  appearance  of  the  half  equivalent,  it  may  be 
represented  thus : 

3 HSO4,  FesOa  Fcg  3 SO4,  3 HO. 

So  the  protoxide  of  mercury  takes  1 equivalent  of  aqueonitric 
acid  to  form  the  protonitrate  ; for 

HgO  -}-  HNOe  = HgNOe  + HO; 

and  two  equivalents  of  the  same  acid  are  required  to  form  with 
the  deutoxide  the  deutonitrate ; for 

HgOs  2 HNOfi  = Hg2N0e  + 2 HO. 
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This  is  exactly  analogous  to  the  action  of  hydrochloric  acid 
upon  the  same  bases. 

§ 629.  The  oxysalts  of  ammonia  form  no  exception  to 
this  theorj^j  for  they  invariably  contain  1 equivalent  of  water, 
which  is  essential  to  their  existence.  Thus  sulphate  of  ammonia 
is  represented  upon  the  old  view  as 

SO3,  NH3,  HO, 

but  is  represented  on  the  binary  theory  as 

SO„  NH,; 

where  NH4  is  equivalent  to  a metal,  and  will  stand  as  such  in 
all  the  sahne  compounds  of  ammonia.  It  may  be  considered 
to  be  in  the  same  relation  to  the  metallic  elements  as  cyanogen 
to  the  non-metallic  elements  chlorine,  iodine,  &c. 

§ 630.  It  will  doubtless  be  necessary  to  distinguish  these 
salt  radicles  by  appropriate  names,  and,  for  reasons  which  will 
hereafter  be  pointed  out,  they  may  appropriately  be  designated 
by  the  termination  ion ; thus,  the  radicle  of  the  sulphuric  acid 
would  be  oxy-sulphion ; that  of  the  nitric  acid  oxy-nitrion,  and 
so  forth,  and  thus  we  should  have 

Oxysulphion  of  hydrogen  = Aqueo-sulphuric  acid. 

Oxysulphion  of  sodium  = Sulphate  of  soda. 

Oxynitrion  of  hydrogen  =z  Aqueo-nitric  acid. 

Oxynitrion  of  potassium  = Nitrate  of  potassa. 

The  theory  of  salts  can  only  be  considered  at  present  as  in 
a transition  state,  and  till  it  shall  have  been  perfected  it  is 
better  to  avoid  the  inconveniences  of  a new  nomenclature,  unless 
when  the  theory  itself  may  be  the  subject  of  illustration  or 
discussion. 

§ 631.  Let  us  now  refer  (§  590)  to  the  constitution  of 
the  phosphoric  acid  and  its  three  hydrates,  the  properties  of 
which  we  have  found  to  differ  so  widely  from  the  hydrates  of 
the  sulphuric  acid,  or  any  other  acid  which  we  have  yet  exa- 
mined. The  phosphoric  acid  combines  not  only  with  water  in 
these  three  proportions,  but  each  of  the  hydrates  is  the  type  of 
a series  of  salts,  which  it  is  capable  of  forming  with  the  different 
bases.  These  are  distinguished  as 

Monobasic  phosphates  z=  Protohydrate 
Bihasic  phosphates  = Deutohydrate 

Trihasic  phosphates  = Tritohydrate, 
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the  water  contained  in  the  hydrates  being  replaced  in  a greater 
or  less  extent  by  ammonia  and  other  bases.  Thus  the  proto- 
hydrate of  phosphoric  acid  comljines  with  no  more  than  one, 
and  the  deutohydrate  with  no  more  than  two  proportions  of 
soda,  although  three,  or  a larger  number  of  proportions  of  the 
alkali  be  added  to  it;  the  excess  of  alkali  remains  free. 

When  a solution  of  nitrate  of  silver  is  added  to  a solution  of 
the  protohydrate,  a monobasic  phosphate  of  silver  is  formed, 
which  falls  in  gelatinous  flakes,  and  aggregates  together  as  a 
soft  solid  when  heated  to  near  212°. 

Its  formula  is,  AgO,  P0O5. 

The  monobasic  phosphate  of  soda  may  be  formed  by  heating 
the  microcosmic  salt  or  ammonio-phosphate  of  soda  to  redness. 
It  fuses  at  that  temperature,  and  on  cooling  forms  a transparent 
glass,  very  soluble  in  water,  and  even  deliquescent.  Its  solution 
precipitates  nitrate  of  silver,  and  other  metaUic  salts,  in  the 
same  remarkable  manner  as  the  solution  of  the  protohydrate. 

Its  formula  is,  NaO,  P2O5. 

§ 632.  When  the  solution  of  nitrate  of  silver  is  added 
to  a solution  of  the  deutohydrate  a snow-white  precipitate  is 
formed  of  bibasic  phosphate  of  silver,  which  fuses  at  a low  red 
heat  into  a dark  brown  liquid,  which  becomes  a crystalline 
enamel  on  cooling. 

Its  formula  is,  2 AgO,  P2O5. 

The  bibasic  phosphate  of  soda  may  be  formed  by  heating  to 
redness  the  common  (or  rhomb'c)  phosphate  of  soda.  When 
again  dissolved  and  crystallized  it  will  be  found  to  have  acquired 
a prismatic  form,  and  instead  of  precipitating  nitrate  of  silver 
yellow  it  will  throw  it  down  white. 

Its  formula  is,  2 NaO,  P2O5. 

§ 633.  When  a solution  of  the  tritohydrate  of  phosphoric 
acid  is  treated  in  the  same  way  with  nitrate  of  silver  a precipi- 
tate is  formed  of  a characteristic  yellow  colour.  It  is  the  tri- 
basic  phosphate  of  silver.  It  changes  to  a reddish-brown  on 
the  application  of  heat,  but  its  original  tint  returns  on  cooling. 
It  bears  a red  heat  without  fusion. 

Its  formula  is,  3 AgO,  P0O5. 

The  tribasic  phosphate  of  soda  is  made  by  adding  pure 
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soda  to  a solution  of  the  common  phosphate  of  soda,  until  the 
liquid  feels  soapy  to  the  fingers,  an  excess  of  soda  not  being 
injurious.  The  liquid  is  then  to  be  evaporated  and  crystallized. 
This  salt  forms  colourless  six-sided  slender  prisms,  which  have 
a strong  alkaline  reagency. 

Its  formula  is,  3 NaO,  P2O5. 


§ 634.  Now  the  constitution  of  these  tribasic  salts  is  such 
that  one  or  two  equivalents  of  the  base  may  be  replaced  by 
corresponding  equivalents  of  other  bases  or  water:  thus  the 
common  rhombic  phosphate  of  soda  is  a tribasic  salt  in  which 
one  equivalent  of  water  is  substituted  for  one  equivalent  of  the 
soda.  It  may  be  formed  by  saturating  the  impure  phosphoric 
acid  obtained  from  bones  by  carbonate  of  soda. 

Its  formula  is,  2NaO)p 

1101^2^5- 


By  adding  phosphoric  acid  to  the  preceding  salt,  till  it  ceases 
to  precipitate  chloride  of  barium,  a substitution  of  another 
equivalent  of  Avater  for  soda  may  be  elFected  in  the  tribasic 
salt.  It  becomes  much  more  soluble  in  water,  and  it  crystal- 
hzes  with  difficulty  in  right  rhombic  prisms.  It  has  a strong 
acid  reaction,  and  was  formerly  known  as  the  biphosphate 
of  soda. 

Its  formula  is,  NaOi  p ^ 

2H0J  - 


By  mixing  together  one  equivalent  of  hydrochlorate  of 
ammonia,  and  two  equivalents  of  the  rhombic  phosphate  of 
soda,  each  being  previously  dissolved  in  a small  quantity  of 
boiling  water,  crystals  wiU  be  formed  as  the  liquid  cools  of  a 
prismatic  form.  This  salt  has  long  been  known  as  micr acosmic 
salt.  It  is  a tribasic  phosphate  of  soda  in  which  one  equi- 
valent of  water  and  one  equivalent  of  oxide  of  ammonium  are 
substituted  for  two  equivalents  of  soda. 


Its  formula  is, 


NaO) 

NH^O ' PgO 
IIO] 


5 


The  solutions  of  all  these  salts,  when  rendered  neutral  by 
ammonia,  give  the  same  characteristic  yellow  precipitate  with 
nitrate  of  silver ; indicating  that  the  acid  is  in  the  same  peculiar 
state  in  all. 
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§ 635.  The  Binary  Theory  of  salts  suggests  that  the 
three  hydrates  of  phosphoric  acid  upon  which  we  have  laid  so 
much  stress,  are,  in  fact,  three  salt  radicles  which  may  be 
represented  thus : — 

Monobasic  acid  . PeOg  + H. 

Dibasic  acid  . P2O7  + Hg. 

Tribasic  acid.  . P2O8  + H3. 

The  formation  of  bibasic  and  tribasic  salts  must  be  the. 
natural  consequence  of  thus  regarding  the  three  hydrates  as 
three  distinct  hydro-acids,  whereas  the  fact  is  quite  anomalous 
upon  the  old  view  of  their  constitution.  Moreover,  if  the  water 
acted  merely  as  a base  to  the  phosphoric  acid,  it  is  reasonable 
to  suppose  that  it  would  be  entirely  displaced  by  the  stronger 
bases,  and  the  bibasic  and  tribasic  phosphates  of  the  alkalies 
would  be  those  least  likely  to  retain  any  portion  of  the  basic 
water ; but  the  reverse  is  the  fact,  and  oxide  of  silver,  a very 
weak  base,  is  that  which  most  easily  and  totally  replaces  water. 
This  is  easily  understood  upon  the  new  theory ; for  oxide  of 
silver  is  one  of  those  which  are  most  easily  reduced  by  hydrogen, 
and  consequently  one  on  which  the  action  of  a hydro-acid 
would  be  most  easily  exercised. 

We  shall  return  with  much  greater  advantage  to  this  subject 
when  we  shall  have  eonsidered  the  action  of  affinity  in  a 
different  form. 

§ 636.  These  three  modifications  of  the  phosphoric  acid 
and  their  salts  stand  as  types  of  three  classes  of  acids  and  salts, 
to  which  we  shall  again  have  occasion  to  refer  when  we  come  to 
treat  of  organic  chemistry.  Almost  all  the  acids  of  inorganic 
chemistry  are  monobasic ; the  arsenic  acid  being  the  only  one  1 
known  which  assumes  the  tribasic  character.  The  salts  of  the  | 
arsenic  acid  run  parallel  in  everything  with  the  tribasic  j^hos-  : 
phates,  and  it  has  very  'recently  been  discovered  by  Professor  j 
Clark  that  it  is  eapable  of  assuming  either  the  monobasic  or  '> 
bibasic  character. 

The  constitution  of  arsenic  acid  and  its  three  salts  of  soda,  1 
may  be  thus  represented, 

AsgO^  — Arsenic  acid. 

3 NaO  + AsjOs  “*■  24  HO  = Subarscniate  of  soda.  ' 

2 NaO  -t-  HO  -f-  AsjOj  -1-  14  HO  = Neutral  arseniate. 

NaO  -F  2 HO  + AsjO,  + 2 HO  = Binarseniate. 
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The  quantity  of  base  is  the  same  in  all,  being  in  each  tliree 
equivalents,  made  up  partly  of  water  and  partly  of  soda. 

§ 637-  Water,  or  its  elements  in  the  proportions  which 
form  water,  not  only  enters  thus  into  the  composition  of  acids 
and  is  carried  by  them  into  the  same  intimate  connexion  with 
salts,  but  enters  into  the  texture  of  the  latter  as  an  adjunct,  or 
as  water  of  crystalhzation.  It  may  be  distinguished  from  the 
water  of  composition  by  the  ease  with  which  it  may  be  ex- 
pelled; sometimes  spontaneously  flying  off  at  ordinary  atmo- 
spheric temperatures,  and  generally  being  expelled  at  the 
boiling-point  of  water.  It  has,  however,  being  shown  by  Pro- 
fessor Graham,  that  of  this  water,  which  has  generally  been 
considered  as  water  of  crj^stallization,  one  portion  is  retained 
much  more  forcibly  than  the  other;  and  that  in  addition  to 
the  water  of  crystallization,  which  may  be  removed  without 
injury,  there  is  water  which  is  essential  to  the  constitution 
of  the  salt,  and  may  be  replaced  by  other  bodies  when  the 
salt  enters  into  combination.  Thus  in  the  common  crystal- 
hzed  sulphate  of  copper  there  are  five  equivalents  of  water,  of 
which  four  may  be  expelled  by  a temperature  of  150°,  but  the 
fifth  withstands  a temperature  of  300°.  The  formula  of  this  salt 
he  writes, 

CuO,  SO3,  HO  + 4HO. 

The  last  four  equivalents  being  water  of  crystallization,  and 
the  first,  as  Professor  Graham  distinguishes  it,  constitutional 
water.  It  is  capable  of  being  replaced  by  other  substances,  as 
for  instance  sulphate  of  potassa,  giving  rise  to  a double  salt 
whose  formula  is, 

CuO,  SO3  + KO,  SO3  + 4HO. 

§ 638.  Double  salts  of  this  kind  are  generally  formed  of 
salts  of  the  same  acid,  but  of  different  bases ; but  this  is  not 
always  the  case ; as  for  instance  a double  salt  is  known  of  the 
oxalate  and  nitrate  of  lead,  and  there  are  examples,  though  few, 
of  a double  salt  containing  two  acids  and  two  bases. 

In  the  salts  which  are  generally  denominated  sub-salts, 
metallic  oxides  are  supposed  to  assume  in  the  same  manner  the 
place  of  the  constitutional  water,  and  not  to  act  as  bases  to  the 
acids  of  the  true  salts.  Thus  the  crystallized  nitrate  of  copper 
and  the  sub-nitrate  may  be  represented  as: 

CuO,  NO5  + 3 no  Nitrate. 

IIO,  NO5  + 3 CuO  Sub-nitrate. 
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Tlie  weaker  bases  only,  such  as  water,  oxide  of  copper,  and 
oxide  of  lead,  are  most  disposed  to  attach  themselves  to  salts  in 
this  manner.  The  strong  alkalies,  potassa  and  soda,  are  never 
found  in  such  a relation,  or  discharging  any  other  function  than 
that  of  base  to  the  acids. 

CONCURRENCE  OF  FORCES. 

§ 639.  The  preparatory  view  Avhich,  according  to  our 
plan,  we  have  now  taken  of  the  most  striking  properties  of 
different  kinds  of  matter,  both  simple  and  compound,  and  of 
the  primary  laws  of  definite,  multiple,  and  equivalent  propor- 
tions which  limit  the  force  of  affinity,  and  which  we  have  found 
maintained  in  every  case,  both  of  primary  and  secondary  com- 
position and  decomposition,  will  enable  us  to  proceed  to  the 
more  complicated  phenomena  of  concurring  forces.  Some  of 
these  have  not  been  without  influence  in  the  results  which  we 
have  hitherto  considered  as  produced  by  affinity  alone;  but  we 
we  were  not  previously  prepared  to  distinguish  and  appreciate 
them. 

The  forces  of  homogeneous  cohesion,  and  its  antagonist,  re- 
pulsion, and  the  force  of  heterogeneous  adhesion,  modif}q  in  many 
instances,  very  materially  the  action  of  affinity. 

We  will  endeavour  to  illustrate  these  interferences,  first, 
with  the  more  simple  cases  of  both. 

§ 640.  We  have  already  (§  428,)  adverted  to  the  fact 
that  the  difficulty  of  determining  the  combination  of  carbon 
with  oxygen,  or  its  combustion,  increases  with  its  cohesion, 
from  the  easily  ignited  tinder  to  the  diamond. 

The  metals,  iron,  copper,  and  lead,  resist  the  action  of  atmo- 
spheric air,  when  in  mass,  very  completely;  becoming  at  most 
only  slightly  tarnished  vdth  oxides;  but  in  a disintegrated  state 
they  are  acted  upon  with  great  energjq  and  often  present  the 
phenomena  of  combustion. 

Finely-powdered  oxide  of  iron  may  be  reduced  to  the 
metallic  state  by  placing  it  in  a tube,  making  it  red  hot,  and 
passing  dry  hydrogen  gas  over  it.  T^^[^en  the  metal  which  lias 
been  thus  produced  and  allowed  to  cool,  is  suddenly  exposed  to 
the  air,  it  recombines  with  oxygen  and  becomes  red-hot. 

When  copper  is  freshly  precipitated  from  sulphate  of  copper 
upon  the  surface  of  iron,  it  is  in  a pulverulent  state,  and  when 


INFLUENCE  OF  ADHESION  UPON  AFFINITY.  441 


washed  and  exposed  to  a gentle  heat  to  dry,  it  will  often 
suddenly  ignite  and  burn  into  oxide. 

When  finely-divided  lead  is  prepared  by  exposing  the  salt 
which  it  forms  with  tartaric  acid  to  a red  heat,  (in  which  case 
the  oxide  is  reduced  by  carbon,)  and  it  is  afterwards  exposed 
to  the  air,  it  combines  with  oxygen  with  the  extrication  of 
light  and  heat. 

Pure  alumina,  as  it  exists  in  corundum,  and  some  of  the 
Oriental  gems,  is  one  of  the  most  untractable  substances  in 
nature.  It  resists  the  action  of  all  acids,  and  is  with  very  great 
difficulty  disintegrated  by  the  repeated  action  of  potassa  at  a 
red  heat.  The  same  substance,  as  it  is  freshly  precipitated  in 
light  flocks,  from  its  saline  combination  in  alum  by  carbonate 
of  potassa,  is  readily  dissolved,  either  by  solution  of  potassa,  or 
by  sulphuric  acid. 

The  counteracting  power  of  heat  upon  the  cohesion  of  solids 
promotes  their  combination  with  other  bodies,  independently 
of  that  exaltation  of  the  force  of  affinity  which  determines  com- 
position at  high  temperatures;  and  we  have,  on  the  contrary, 
already  noticed  cases  of  decomposition  from  the  mere  increase 
of  repulsive  force  in  gases  from  accession  of  heat. 

§ 641.  The  mode  in  which  the  force  of  adhesion  acts  in 
liquids  by  counteracting,  on  one  hand,  the  cohesion  of  solids, 
and  on  the  other,  the  self-re  pulsion  of  gases,  is  too  obvious  to 
require  further  illustration.  The  solvent  power  of  water  is 
particularly  useful  in  bringing  bodies  within  the  sphere  of  the 
attraction  of  affinity;  being  a stable  compound,  and  devoid  of 
any  very  active  properties,  it  does  not  often  exercise  disturbing 
influences  upon  the  results. 

The  elasticity  of  gases  may  also  be  controlled,  as  we  have 
seen  (§  88),  by  porous  solids,  and  if  a piece  of  fresh-burned 
charcoal  be  thoroughly  saturated  with  hydrogen,  it  will  abstract 
oxygen  from  a metallic  solution,  as  of  the  sulphate  of  copper, 
and  the  metal  wfill  be  reduced.  Charcoal  alone  has  no  such 
such  power. 

§ 642.  The  force  of  adhesion  in  solids  acts  in  a similar, 
but  less  obvious  way.  The  strong  affinities  which  the  gases 
exert  in  what  has  been  called  their  nascent  state,  are  referrible 
to  this  cause.  If  chloride  of  silver  be  suspended  in  water,  and 
a current  of  hydrogen  be  directed  through  the  mixture,  no 
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change  will  ensue;  but  if  some  pieces  of  zinc  he  thrown  into 
the  liquid,  and  a little  sulphuric  acid  added,  the  chloride  will 
be  decomi:>osed,  and  the  silver  thrown  down.  The  hydrogen, 
on  its  first  extrication,  is  momentarily  coerced  by  the  force  of 
adhesion  on  the  surface  of  the  zinc,  and  has  time  to  exert  its 
superior  attraction  for  the  chlorine. 

If  a perfectly  clean  plate  of  platinum  be  introduced  into  a 
long  tube  filled  over  pure  water,  with  oxygen,  and  hydrogen 
in  the  proper  proportions  to  form  water,  combination  will 
begin  slowly  to  take  place,  and  the  water  wiU  rise  in  the  tube. 
The  platinum  will  become  warmed  by  the  heat  evolved,  when 
the  combination  will  proceed  more  rapidly,  and  the  metal  will 
ultimately  become  red-hot,  and  explode  the  remainder  of  the 
gases.  The  force  of  adhesion  of  the  gas  to  the  metal  suspends, 
upon  its  surface,  the  self-repulsive  force  of  the  similar  particles 
of  each  gas,  and  brings  them  within  the  influence  of  the  mutual 
affinity  of  their  dissimilar  particles;  the  combination  thus  com- 
menced, proceeds  with  greater  activity  as  the  affinity  becomes 
exalted  by  the  heat. 

When  the  metal  is  in  a disintegrated,  or  spongy  form,  it  ' 
exposes  a larger  surface  to  the  action  of  the  gases,  and  becomes 
proportionately  more  active;  this  property  has  been  applied 
in  the  construction  of  an  instantaneous-hght  machine,  in  which 
a stream  of  hydrogen,  thrown  through  the  air  upon  a small 
quantity  of  spongy  platinum,  becomes  ignited  by  the  incan- 
descent metal. 

§ 643.  Many  other  compositions,  decompositions,  and 
recompositions  may  be  determined  by  the  same  means. 

Ammonia,  or  any  of  its  salts,  when  mixed  with  atmospheric 
air,  is  decomposed  when  passed,  at  a temperature  of  about  572° 
Fahrenheit,  over  spongy  platinum,  and  the  nitrogen  which  it 
contains  is  completely  converted  into  nitric  acid  by  combination 
with  the  oxygen  of  the  air. 

On  the  other  hand,  when  the  oxides  of  nitrogen  or  nitric 
acid  are  mixed  with  a sufficient  quantity  of  hydrogen  gas,  they 
are  converted  into  ammonia  by  contact  with  spongy  platinum, 
and  frequently  without  the  assistance  of  heat.  The  action  is 
often  so  energetic  that,  if  caution  be  not  used,  violent  explosion 
ensues.  An  excess  of  nitric  acid  gives  nitrate  of  ammonia. 

In  the  same  way,  cyanogen  and  hydrogen  give  hydro- 
cyanate  of  ammonia.  A mixture  of  olefiant  gas  and  deutoxide 
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of  nitrogen  in  excess  when  hot,  and  passed  over  spong}’^  plati- 
num, produces  carbonate  and  hydrocyanate  of  ammonia  and 
water;  and  the  vapours  of  acetic  acid  mixed  with  hydrogen, 
may  be  totally  converted  into  acetic  ether  and  water  at  a mode- 
rate temi^erature. 

A mixture  of  sulphurous  acid  and  common  air  may  also  be 
converted  into  sulphuric  acid  by  blowing  it  over  spongy  plati- 
num, or  balls  of  platinum  wire,  placed  in  a tube  and  maintained 
at  a high  temperature.  The  process  has  even  been  proposed 
for  manufacturing  purposes.  The  vapours  of  sulphuric  acid 
thus  formed,  mixed  with  nitrogen,  are  condensed  in  a long 
upright  vessel  of  lead  filled  with  pebbles  kept  moist  by  a small 
stream  of  water. 

§ 644.  Platinum,  precipitated  from  its  combination  with 
sulphuric  acid  by  boiling  in  alcohol,  is  used  in  Germany  ujDon 
a large  scale  for  the  purpose  of  manufacturing  acetic  acid  from 
alcohol  upon  this  principle. 

Dishes  of  earthenware  or  wood  are  placed  in  rows  upon 
shelves,  over  each  other,  in  a large  case.  A portion  of  the 
black  platinum  powder,  moistened,  is  suspended  over  each  dish, 
and  as  much  vinous  spirit  put  into  them  as  the  oxygen  of  the 
included  air  may  be  adequate  to  acidify.  In  this  way  1000 
cubic  inches  of  air  can  oxygenate  110  grains  of  anhydrous 
alcohol,  converting  them  into  122  grains  of  pure  acetic  acid  and 
64-|  grains  of  water.  The  apparatus  is  set  in  a light  place  at  a 
temperature  of  from  68°  to  86°  Fahrenheit,  and  the  evaporation 
of  the  spirit  is  promoted  by  hanging  several  leaves  of  porous 
paper  in  the  case,  with  their  lower  edges  dipped  in  the  spirit. 
The  action  is  manifested  by  an  increase  of  temperature  and  a 
generation  of  acid  vapours,  which  condensing  on  the  sides  of 
the  case,  trickle  down  in  streams  to  the  bottom.  When  the 
oxygen  has  been  all  eonsumed,  the  process  may  be  renewed  by 
opening  the  case  a little,  and  replenishing  it  with  air. 

With  from  7 to  8 ounces  of  the  platinum  powder  in  a box 
of  12  eubic  feet  capacity,  one  pound  of  alcohol  may  thus  be 
converted  in  a day  into  pure  acetic  acid.  The  platinum  powder 
does  not  waste  or  become  deteriorated  by  the  process. 

§ 645.  An  admixture  of  other  porous  substances  does 
not  destroy  this  property  of  spongy  platinum,  and  pellets  com- 
posed of  clay  and  finely-divided  platinum  are  very  conveniently 
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used  to  analyze  mixtures  of  inflammable  gases  and  oxygen^  by 
thus  determining  their  combination  over  mercury. 

Other  metals  also  possess  this  influence,  but  require  to  have 
their  temperature  raised  in  various  degrees ; only  those  which, 
like  platinum,  have  a small  affinity  for  oxygen,  enjoying  it  in 
the  same  degree.  Even  non-metallic  bodies,  as  pounded  glass 
and  charcoal,  become  efficient  at  a temperature  of  600°, 

§ 646.  It  is  probable  that  the  concurrence  of  this  force 
of  adhesion  with  affinity  determines  the  combination  of  the 
nitrogen  and  oxygen  of  the  atmosphere,  and  the  formation  of 
nitre  and  other  salts  of  the  nitric  acid,  vdiich  effloresce  in  abund- 
ance upon  certain  soils  which  contain  potassa  and  other  bases 
in  sufficient  abundance ; and  we  trace  the  same  kind  of  action 
in  the  formation  of  crystals  of  sulphate  of  ammonia  upon  the 
glass  windows  which  are  exposed  to  the  action  of  the  coal- 
impregnated  atmosphere  of  our  metroi^olis. 

According  to  Liebig,  when  a moist  azotized  substance  is 
exposed  to  the  action  of  the  air  ammonia  is  always  evolved  and 
nitric  acid  never  formed ; but  when  alkalies  or  other  metallic 
bases  are  present  a union  of  nitrogen  and  oxygen  takes  place, 

§ 647*  Numerous  facts  show  that  motion  or  mechanical 
force  alone  may  exercise  a considerable  influence  upon  chemical 
attraction.  A number  of  bodies  may  be  kept  together  in  a 
system  of  unstable  equilibrium  when  in  a state  of  perfect  rest, 
but  when  their  inertia  is  overcome  by  agitation  they  will  enter 
into  more  permanent  combinations  under  the  power  of  affinity. 
Thus,  if  we  add  a solution  of  tartaric  acid  in  excess  to  a solution 
of  potassa,  the  acid  and  alkali  will  remain  in  solution  together 
till  we  agitate  the  mixture,  when  crystals  of  bitartrate  of 
potassa  will  immediately  begin  to  precipitate. 

Again,  if  with  a drop  of  solution  of  sulphate  of  magnesia 
upon  a slip  of  glass  we  mix  a drop  of  phosphoric  acid  and  a 
drop  of  ammonia,  the  mixture  wiU  remain  transparent  till  we 
cause  the  glass  to  vibrate  by  scratching  it  with  a glass  rod, 
when  the  double  phosphate  of  ammonia  and  magnesia  will 
immediately  be  precipitated.  It  would  also  appear  that  a body 
in  the  act  of  combination  with  another,  or  in  the  moment  of 
decomposition,  is  capable  of  imparting  the  same  condition  of 
motion  or  activity  in  which  its  atoms  are,  to  certain  other 
bodies,  so  as  to  enable  such  bodies  with  which  it  is  in  contact 
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to  enter  into  combination  or  to  suffer  decomposition.  Thus  an 
alloy  of  silver  and  platinum  may  be  wholly  dissolved  in  nitric 
acid  : the  platinum  acquiring  the  property  of  decomposing  nitric 
acid  by  contact  with  silver  in  the  act  of  oxidation. 

Again,  copper  alone  is  not  acted  upon  by  dilute  sulphuric 
acid,  but  an  alloy  of  copper,  zinc,  and  nickel  is  readily  dissolved 
by  it. 

A method  has  lately  been  discovered  of  facilitating  the  evo- 
lution of  oxygen  from  chlorate  of  potassa  by  heat,  which  is 
probably  dependent  upon  the  same  principle.  For  this  purpose 
the  chlorate  is  mixed  with  some  peroxide  of  manganese  in  a 
glass  retort,  and  the  heat  of  a spirit  lamp  cautiously  applied. 
Oxygen  begins  to  pass  over  at  a very  moderate  temperature, 
and  if  the  process  be  not  cautiously  carried  on,  even  with 
explosive  \nolence  ; nothing  but  chloride  of  potassium  and  per- 
oxide of  manganese  will  remain  in  the  retort. 

§ 648.  The  play  of  concurrent  forces  is  curiously  illus- 
trated in  the  actions  and  reactions  of  solutions  of  acids  and 
bases  upon  salts,  and  of  salts  in  solution  upon  each  other. 
They  are  often  of  the  most  complicated  kind,  and  the  conditions 
of  the  final  equilibrium  not  easy  to  develop. 

Regarding  the  matter  in  a general  point  of  view,  when  upon 
a salt,  or  a compound  of  an  acid  and  a base,  we  pour  another 
acid,  the  base  must  be  considered  as  divided  between  the  twm  : 
and  we  have  twm  salts  and  two  free  acids  in  solution.  Thus, 
if  we  take  a solution  of  phosphate  of  soda  and  pour  upon  it 
sulphuric  acid,  we  shall  have  sulphate  of  soda  and  phosphate  of 
soda,  and  sulphuric  acid  and  phosphoric  acid,  all  in  solution,  in 
some  unknown  proportions,  dependent  upon  the  strength  of  the 
various  attractive  forces.  Nothing  in  this  case  happens  to 
render  the  change  which  has  taken  place  apparent.  If,  how- 
ever, we  pour  muriatic  acid  upon  a solution  of  sulphate  of 
eopper,  chloride  of  copper  is  formed,  and  sulphuric  acid  set 
free,  and  all  the  agents  remain  in  solution  as  before ; but  in 
this  case  the  formation  of  the  chloride  of  copper  is  indicated  by 
the  change  of  the  colour  of  the  solution  from  blue,  the  colour  of 
sulphate  of  copper,  to  green,  the  colour  of  chloride  of  copper. 

No  perfect  decomposition  of  the  original  salt  can  thus  be 
effected ; for  whatever  excess  of  the  second  acid  may  be  added, 
the  other  which  is  disengaged  remains  within  the  sphere  of 
attractive  influence,  and  each  opposes  the  action  of  the  other 
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upon  the  base  which  is  thus  divided  between  the  two.  But  if 
cohesion  or  elasticity  in  any  of  the  products  of  the  operation 
should  prevail  over  the  adhesive  force  of  the  solvent,  which 
keeps  them  in  presence  of  each  other,  complete  decomposition 
will  be  the  consequence  of  the  abstraction  of  one  of  the  active 
bodies  from  the  field  of  action.  Thus,  when  sulphuric  acid  is 
made  to  act  upon  carbonate  of  soda,  the  carbonic  acid  flies  off 
in  the  gaseous  state,  and  is  completely  displaced  from  the  soda 
by  the  sulphuric  acid : or  when  sulphuric  acid  is  poured  into 
solution  of  nitrate  of  baryta,  complete  decomposition  ensues, 
because  the  cohesion  of  the  sulphate  of  baryta  which  is  formed 
prevails  over  the  solvent  power  of  the  water,  and  the  precipi- 
tation of  the  salt  annihilates  the  influence  of  its  constituents. 

This  ascendency  of  elasticity  or  cohesion,  which  occasions 
entire  decomposition,  may  be  determined  by  changes  of  tempe- 
rature, in  circumstances  where  it  does  not  previously  exist. 
When  sulphuric  acid  is  poured  upon  dry  chloride  of  sodium, 
muriatic  acid  flies  off,  and  nothing  but  sulphate  of  soda  remains; 
when  on  the  other  hand,  it  is  poured  into  a solution  of  the  salt 
in  water,  partial  decomposition  only  ensues ; chloride  of  sodium, 
sulphate  of  soda,  sulphuric  and  muriatic  acids,  all  remain  in 
solution  together ; but  if  heat  be  applied,  muriatic  acid  passes 
off  with  the  vapour  of  water,  and  the  decomposition  is  com- 
plete. Again  : let  sulphuric  acid  be  pomed  into  a hot  solution 
of  nitrate  of  potassa ; while  hot,  the  two  salts  and  the  two  free 
acids  will  remain  in  solution  together;  but  upon  coohng  the 
mixture,  the  sulphate  of  jDotassa  will  crystaUize,  and  the  whole 
of  the  nitre  may  be  decomposed. 

We  have  just  alluded  to  the  result  of  adding  sulphuric  acid 
to  a solution  of  phosphate  of  soda ; it  is  exactly  the  same  when 
we  add  phosphoric  acid  to  sulphate  of  soda ; a partition  of  the 
base  takes  place : but  if  we  evaporate  the  solution,  and  raise 
the  temperature  to  above  600°,  phosphate  of  soda  will  alone 
remain ; because  at  this  high  temperature  the  phosphoric  acid 
is  fixed,  v/hile  the  sulphuric  acid  passes  off  in  vajiour. 

§ 649.  Similar  phenomena  attend  the  presence  of  two 
bases  in  solution  with  an  acid.  If  to  the  solutioii  of  a salt  in 
water  we  add  another  base,  the  acid  will  be  divided  between 
the  two.  When  to  a solution  of  nitrate  of  baryta,  for  example, 
we  add  a solution  of  caustic  potassa,  nitrate  of  potassa,  and 
nitrate  of  baryta,  and  free  baryta  and  potassa,  exist  in  the 
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solution ; but  as  the  baryta  is  less  soluble  than  the  potassa  it 
will  be  gradually  precipitated,  and  complete  decomposition  will 
ensue,  unless  there  be  water  enough  to  hold  the  whole  in 
solution. 

To  a solution  of  muriate  of  ammonia,  add  cream  of  lime ; 
partial  decomposition  of  the  muriate  will  take  place,  and  free 
ammonia  may  easily  be  detected  in  the  solution : heat  the  mix- 
ture, and  the  lime  will  totally  displace  the  ammonia ; because, 
as  the  latter  is  liberated,  it  instantly  passes  off  with  the  vapour 
of  the  water. 

The  same  kind  of  adjustment  between  acids  and  bases  takes 
place  when  the  solutions  of  two  salts  are  mixed  together ; and 
four  salts  will  exist  in  the  solution,  if  no  precipitation  takes 
place.  Thus,  on  mixing  solution  of  sulphate  of  copper  and 
chloride  of  sodium,  we  know  that  chloride  of  copper  is  formed, 
by  the  change  of  colour  from  blue  to  green,  and  consequently 
that  an  equivalent  quantity  of  sulphate  of  soda  must  also  be 
formed.  But  this  can  be  more  satisfactorily  shown  by  mixing 
together  solutions  of  acetate  of  soda  or  acetate  of  alumina  and 
protosulphate  of  iron ; sulphuretted  hydrogen  passed  through 
the  solution  of  the  latter  salt  alone  will  produce  no  effect,  but 
after  mixture  sulphuret  of  iron  will  be  precipitated  from  its 
action  upon  acetate  of  iron  which  is  thus  proved  to  have  been 
formed  in  the  mixture. 

To  what  extent  this  change  takes  place,  we  do  not  know ; 
for  we  are  unacquainted  with  the  relative  force  of  attraction 
between  the  several  principles.  Thus,  when  two  acids  and  two 
bases  meet  together  in  equivalent  proportions,  we  conclude  that 
each  acid  unites  vdth  equivalent  proportions  of  both  bases,  and 
four  salts  are  contained  in  the  solution ; three  acids  and  three 
bases,  in  like  manner  give  rise  to  nine  salts,  and  four  and  four 
to  sixteen. 

If,  for  example,  we  add  together  solutions,  containing : — 


Sulphuric  acid  . 

40  parts. 

Nitric  acid 

. 54  „ 

Potassa  .... 

. 48  „ 

Soda  .... 

. 32  „ 

Total 

• 174  „ 

ions,  containing : — 

Sulphate  of  soda 

72  parts. 

Nitrate  of  potassa 

. 102  „ 

Total  . 

. 174  „ 
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Or: — 


Sulphate  of  soda 
Sulphate  of  potassa 
Nitrate  of  soda 
Nitrate  of  potassa 

Total 


36  parts. 
44 
43 
51 

174 


the  final  result  will  be  the  same.  The  last  four  salts  will  all 
exist  in  the  solution,  in  some  proportion  dependent  upon  the 
relative  force  of  the  attractions  which  is  unknown. 

But,  if  we  now  concentrate  the  solution  by  evaporation,  the 
sulphate  of  potassa  will  be  the  first  to  crystallize,  owing  to  the 
ascendency  of  its  cohesive  force ; a new  partition  of  acids  and 
bases  will  take  place  between  the  nitrate  of  potassa  and  sulphate 
of  soda,  and  in  this  way  the  mixture  will  be  entirely  resolved 
into : — 

Sulphate  of  potassa  . . ,88 

Nitrate  of  soda  ^ 86 

Total  . . . ~1Y4: 


§ 650.  It  is  thus  that  many  cases  of,  what  would  at  first 
appear  to  be,  double  elective  affinity,  may  be  explained ; they 
depend  very  often  upon  the  forces  of  cohesion  and  adhesion, 
rather  than  upon  the  simple  relation  of  the  affinities  of  the 
different  acids  and  bases  concerned : and  with  an  accurate 
knowledge  of  the  relative  solubility  of  the  different  salts,  or 
their  relative  attraction  for  water,  we  may  always  anticipate  the 
decompositions  which  will  follow  upon  mixing  their  solutions. 
If,  by  a mutual  exchange  of  their  acids  and  bases,  a salt  can  be 
formed  of  less  solubility  than  the  others,  double  decomposition 
will  certainly  take  place,  and  the  less  soluble  salt  will  be  pre- 
cipitated, unless  there  should  be  sufficient  of  the  liquid  present 
to  take  it  up.  Thus,  upon  adding  sulphate  of  soda  to  nitrate  of 
baryta,  we  know  that  sulphate  of  baryta  and  nitrate  of  soda 
will  result ; sulphates  of  soda  and  baryta,  and  nitrates  of  soda 
and  baryta,  will  all  be  formed  at  first,  but  the  sulphate  of  Ijaryta 
will  be  at  once  withdrawn  from  the  sphere  of  action  by  precipi- 
tation. The  originally  formed  nitrates  of  soda  and  baryta,  and 
sulphate  of  soda,  will  momentarily  be  left ; but  a fresh  arrange- 
ment and  balance  must  take  place : another  portion  of  sulphate 
of  baryta  must  be  formed,  by  the  reaction  of  the  sulphate  of  soda 
and  nitrate  of  baryta,  and  will  again  precipitate  5 till  the  whole 
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of  the  sulphuric  acid  and  baryta  are  thus  withdrawn,  and  nothing 
remains  in  solution  but  nitrate  of  soda. 

§ 651.  This  partition  of  a substance  between  two  active 
affinities,  and  the  concurrence  of  extraneous  forces  in  producing 
chemical  results,  may  be  exemplified  in  primary  combinations 
as  well  as  secondarj^. 

When  a current  of  vapour  of  water  is  passed  over  red-hot 
iron,  the  water  is  decomposed,  oxide  of  iron  is  formed,  and 
hydrogen  gas  evolved.  On  the  other  hand,  when  hydrogen 
gas  is  passed  in  a continuous  stream  over  red-hot  oxide  of 
iron,  water  is  formed,  and  metallic  iron  produced.  Here,  if  we 
take  into  account  the  mere  force  of  affinity,  the  facts  appear  to 
be  contradictory’^.  In  the  first,  the  affinity  of  iron  for  oxygen, 
at  a red  heat,  appears  to  be  greater  than  that  of  hydrogen — in 
the  second  less : but  they  may  be  thus  explained : — when 
hy'^drogen  gas  comes  in  contact  with  the  oxide  of  iron,  the 
oxy’^gen  dmdes  itself  between  the  hy’^drogen  and  the  iron,  in 
some  proportion  dependent  upon  the  relative  force  of  the  two 
affinities.  Tlie  quantity  of  water  thus  formed  between  the  first 
portions,  although  possibly  small,  is  immediately  carried  out  of 
the  sphere  of  action  by  its  own  elastic  force,  or  by  the  continued 
current  of  hydrogen,  and  a similar  partition  takes  place  between 
successive  portions,  till  the  whole  of  the  oxygen  is  ultimately 
abstracted  from  the  iron.  A similar  partition  takes  place  when 
steam  is  passed  over  the  iron,  and  the  disengaged  hydrogen 
flyfing  off  ceases  to  exert  its  attractive  force  upon  the  oxy^gen, 
which  becomes  fixed  by  its  combination  with  the  iron. 

Similar  instances  abound  amongst  the  operations  of  che- 
mistry : but  one  more  of  an  exactly  parallel  case  of  secondary 
affinity  will  complete  our  illustrations.  By  passing  a current  of 
sulphuretted  hy’drogen  over  bicarbonate  of  potassa,  the  carbonic 
acid  will  be  gradually  displaced,  and  total  decomposition  will  ulti- 
mately be  effected : on  the  other  hand  a current  of  carbonic 
acid  gas  passed  through  hydrosulphuret  of  potassa  will  displace 
the  hydrosulphuric  acid  by  successive  portions.  It  must, 
however,  be  remarked,  that  such  decompositions  require  quanti- 
ties of  the  displacing  agent  far  greater  than  \\ould  be  necessary 
to  saturate  the  base,  or  comliine  with  the  element. 

§ 652.  It  must  not,  however,  be  inferred  from  these 
observations  that  decompositions  never  take  place  from  the 
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simple  action  of  pure  elective  affinity ; it  would  not  be  easy  to 
select  many  cases  which  would  be  entirely  free  from  the  influence 
of  concurrent  forces,  but  a striking  instance  of  it  may  be  pre- 
sented in  the  action  of  chlorine  and  hydriodic  acid,  both  in 
the  gaseous  state.  When  the  two  gases  are  mixed,  the  chlorine 
abstracts  the  hydrogen  from  the  hydriodic  acid,  and  the  iodine 
makes  its  appearance  as  a purple  vapour. 

§ 653.  With  regard  to  solutions,  the  phenomena  must  of 
course  vary  with  the  nature  of  the  solvent.  Thus,  carbonate  of 
baryta  is  readily  decomposed  by  dilute  nitric  acid ; carbonic 
acid  makes  its  escape,  and  nitrate  of  baryta  remains  in  solution : 
but  strong  nitric  acid  will  not  decompose  the  carbonate,  because 
nitrate  of  baryta  is  not  soluble  in  the  concentrated  acid. 

It  is  not  easy  to  bring  other  solvents  into  comparison  with 
water;  for  they  are  mostly  endued  with  strong  chemical  affinities, 
in  addition  to  the  force  of  adhesion  which  they  exert  upon  the 
saline  compounds.  Muriatic  acid  gas  dissolved  in  anhydrous 
alcohol  will  not  decompose  carbonate  of  potassa,  although  it 
will  act  upon  the  carbonates  of  baryta,  lime  and  soda. 

Nitric  acid  mixed  with  pure  alcohol  will  not  act  upon 
carbonate  of  potassa.  Tartaric  acid  in  alcohol,  will  decompose 
no  carbonate. 

Oxalic  acid  dissolved  in  the  same  way,  will  decompose  the 
carbonates  of  magnesia,  strontia  and  baryta,  but  not  the  carbon- 
ates of  lime  and  potassa. 

It  would  be  difficult  perhaps  to  determine  whether  in  these 
cases  the  hydrocarbon  of  the  alcohol  acts  as  a base,  or  whether, 
which  is  the  most  probable,  the  difference  depends  upon  the 
differences  of  solubility  of  the  different  secondary  compounds  in 
the  solvent  employed.  In  all  such  instances  it  is  clear  that,  in 
estimating  the  play  of  forces,  the  forces  of  cohesion  and  adhesion 
must  be  taken  into  account. 

§ 654.  We  have  already  alluded  to  the  concurrence  of 
heat  in  chemical  phenomena,  and  distinguished  its  two  functions 
of  acting,  first,  simply  as  a repulsive  force  opposed  to  cohesion, 
or  the  attraction  of  homogeneous  substances ; and,  secondly,  of 
exalting  the  mutual  affinities  of  heterogeneous  substances.  The 
latter  is  by  far  the  most  interesting,  but  stands  most  in  need  of 
further  elucidation. 

Different  degrees  of  heat  are  required  to  determine  the  com- 
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bination  of  different  bodies,  and  different  degrees  of  lieat  will 
determine  the  same  bodies  to  combine  together  in  different 
proportions.  Thus,  wdien  a mixture  of  the  vapour  of  ether  and 
common  air  is  exposed  to  a white  heat,  or  the  temperature  of 
flame,  it  bursts  into  flame,  and  the  products  are  water  and  ' 
carbonic  acid,  and  possibly  some  free  carbon : but  if  the  same 
mixture  be  exposed  merely  to  a red  heat,  as  by  immersing  in  it 
a coil  of  platinum  wire  heated  to  that  temperature,  combination 
takes  place  without  flame,  and  a powerful  pungent  acid  vapour 
is  generated,  which  has  been  called  the  lampic  acid,  and  which 
may  be  condensed  into  a liquid  by  cold.  It  is  probably  a mix- 
ture of  acetic  and  acetous  acids,  in  the  latter  of  which  the  carbon 
and  hydrogen  are  not  fully  oxidated,  and  which  has  so  strong 
a remaining  affinity  for  oxygen,  that  it  will  take  it  from  certain 
oxides  of  the  metals  in  saline  combination,  and  reduce  the  metal. 

When  a mixture,  again,  is  made  of  cyanogen  and  oxygen, 
and  exposed  to  the  action  of  flame  or  of  an  electric  spark,  the 
carbon  is  converted  into  carbonic  acid,  and  the  nitrogen  dis- 
engaged ; but  by  the  influence  of  red-hot  platinum  carbonic 
acid  is  produced,  and  deutoxide  of  nitrogen,  which  is  imme- 
diately distinguished  by  the  red  vapours  which  it  forms  with  a 
portion  of  the  uncombined  oxygen.  The  different  products  of 
the  slow  and  rapid  combustion  of  phosphorus  are  also  instances 
of  the  same  modified  action.  It  is  remarkable  that  both  the 
proeesses  of  slow  combustion  and  rapid  inflammation  disengage 
exactly  the  amount  of  heat  which  is  necessary  to  the  respective 
maintenance  of  each. 

§ 655.  It  is  probable  that  something  like  the  law  of 
multiple  proportions  may  be  maintained  in  the  quantities  of 
heat  which  are  evolved  by  different  bodies  during  the  act  of 
combustion. 

According  to  recent  experiments  the  same  quantity  of  ice  is 
melted  when  100  parts  of  oxygen  combine  with  carbon  to  form 
carbonic  acid  as  when  they  combine  with  hydrogen  to  form 
water.  The  same  result  is  also  obtained  when  an  equal  quantity 
of  gas  is  consumed  in  the  combustion  of  wood,  wax,  rosin,  and 
alcohol;  but  when  an  equal  quantity  enters  into  combination 
with  phosphorus,  to  form  phosphoric  acid,  a double  quantity  of 
ice  is  melted. 

§ 656.  It  is  worthy  of  remark,  that  the  combinations 
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which  take  place  with  the  most  energetie  development  of  heat 
and  light,  when  the  elements  act  upon  one  another  directly, 
result  quietly  and  with  but  little  accession  of  temperature  when 
they  are  formed  by  double  decomposition,  or  even  by  the  single 
substitution  of  one  body  for  another  in  a compound.  The  most 
coneentrated  artificial  heat  with  which  we  are  acquainted  is  that 
whieh  arises  from  the  combination  of  oxygen  and  hydrogen ; but 
when  the  two  elements  separate  from  their  eombinations  with 
sulphur  by  elective  affinity,  they  unite  without  any  of  the  phe- 
nomena of  eombustion ; and  when  sulphuretted  hydrogen  and 
sulphurous  acid  are  mixed  together,  the  sulphur  of  both  is  pre- 
cipitated, and  water  formed,  without  the  evolution  of  heat.  In 
the  same  quiet  way  chlorine  may  be  substituted  for  sulphur, 
or  iodine  or  bromine  in  eombination  with  hydrogen. 

§ 657.  We  have  seen  that  matter  of  different  kinds, — 
of  different  chemical  composition,  and  of  different  mechanical 
structure, — exerts  a powerful  action  upon  light  and  radiant  heat, 
and  from  the  general  principles  of  action  and  reaction  we  might 
be  led  to  expect  that  these  radiant  forces  would  not  be  without 
an  influence  upon  the  structure  and  eomposition  of  matter. 

Aceordingly  we  find  that  light  is  capable  of  acting  upon  and 
directing  homogeneous  attraction,  and  of  influencing  the  crj^stal- 
lization  of  certain  substances.  Evidence  of  this  may  very  com- 
monly be  found  in  druggists^  shops ; where,  in  the  glass  jars 
which  contain  camphor,  and  are  placed  in  the  windows,  beau- 
tiful erystals  may  generally  be  seen  attached  to  the  sides  the 
nearest  to  the  light.  Many  other  substances  which  are  capable 
of  the  same  kind  of  sublimation  exhibit  the  same  phenomena 
in  their  solidification. 

M.  Chaptal  first  made  the  observation  that,  when  a number 
of  capillary  crystals  shoot  up  the  sides  of  a glass  vessel  contain- 
ing a saline  solution,  they  attaeh  themselves  only  to  that  side  of 
the  vessel  which  is  most  strongly  illuminated.  Fie  was  thus 
able  to  cause  crystals  to  form  on  any  selected  side;  and  by 
placing  a screen  before  the  vessel,  he  found  that  the  line 
between  light  and  darkness  was  distinctly  marked  by  the  limit 
of  crystallization.  This  result  is  most  readily  obtained  with  the 
metallic  salts. 

§ 658.  Light  and  radiant  heat  exert,  also,  a very  marked, 
and  sometimes  energetie,  influenee  upon  chemical  affinity;  I 
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determining  the  comljination  of  some  bodies,  and  the  decompo- 
sition of  others.  If  a piece  of  silk  be  dipped  in  a solution  of 
chloride  of  gold,  and  kept  moist  and  exposed  to  the  rays  of  the 
sun,  it  will  gradually  change  from  yellow  to  green,  and  then  to 
purple ; spangles  of  gold  will  make  their  appearance  upon  it, 
and  at  the  expiration  of  an  hour  it  will  be  entirely  covered  with 
a film  of  metallic  gold.  Professor  Seebeck  steeped  a piece  of 
filtering  paper  in  a moderately-strong  solution  of  gold,  and, 
cutting  it  in  three  pieces,  he  placed  one  in  a dark  place ; the 
second  he  exposed  to  the  rays  of  the  sun,  but  placed  it  also  in 
a dark  place  before  it  had  undergone  any  change ; the  third  he 
exposed  fully  to  the  sun.  The  first  underwent  no  change 
whatever,  while  both  the  second  and  the  third  had  the  gold 
equally  reduced  upon  them. 

A solution  of  nitrate  of  silver  in  contact  with  organic  matter 
undergoes  similar  changes  by  exposure  to  strong  light.  If  a 
piece  of  paper  be  moistened  with  nitrate  of  silver,  and  exjiosed 
to  the  beams  of  the  sun,  a very  few  minutes  are  sufficient  to 
change  the  colour  to  almost  black  : an  effect  which  is  well 
knovm  from  its  application  as  an  indelible  ink  for  marking 
linen. 

Chloride  of  silver  retains  its  snow-white  colour  and  lustre  if 
carefully  excluded  from  the  light  j but  if  exposed  to  the  sun, 
the  concentrated  light  of  lime  in  the  flame  of  the  oxyhydrogen 
blowpipe,  the  flame  of  the  voltaic  battery,  or  even  to  the  dif- 
fused white  light  of  the  clouds,  speedily  turns  to  a purplish 
hlack  colour.  This  is  owing  to  the  decomposition  of  water, 
and  the  formation  of  muriatic  acid  and  oxide  of  silver. 

That  these  effects  arise  from  the  agency  of  the  radiant 
forces  alone,  and  not  from  the  influence  of  mere  exalted  tem- 
perature, has  been  proved  by  inclosing  the  several  substances 
in  glasses  covered  with  black  paint,  and  exposing  them  to  the 
sun ; in  which  case  they  became  very  hot,  but  even  after  several 
days  no  chemical  effect  was  produced. 

§ G59.  Many  years  ago  it  was  proposed  by  Mr.  Wedg- 
wood and  Sir  Humphry  Davy  to  apply  this  chemical  influence 
of  light  to  the  tracing  of  objects  by  means  of  their  shadows,  or 
to  the  copying  of  drawings  by  the  agency  of  the  light  trans- 
mitted through  them  in  different  degrees.  They  succeeded  in 
obtaining  such  tracings  by  means  of  paper  prepared  with  nitrate 
or  chloride  of  silver ; Imt  they  failed  in  tlicir  atfemjits  to  fix 
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them  in  snch  a way  as  to  render  them  afterwards  unchangeable 
in  the  light.  Mr.  Fox  Talbot  has  lately  attained  this  object  in 
the  most  perfect  manner,  and  is  become  the  inventor  of  one  of 
the  most  beautiful  arts  which  ever  arose  from  the  application  of 
scientific  principles,  and  to  which  he  has  given  the  name  of 
calotype.  By  placing  prepared  paper  in  a small  camera-obscura, 
he  has  been  enabled,  in  a few  minutes,  to  obtain  most  perfect, 
but  extremely  small,  pictures, — such  as,  without  great  stretch  of 
imagination,  might  be  supposed  to  be  the  work  of  some  Lilli- 
putian artists.  They  require,  indeed,  examination  with  a lens 
to  discover  all  their  minutiae.  Portraits  of  inimitable  fidelity 
are  thus  produced  in  a few  seconds  of  time : engravings  and 
sculpture  may  be  copied  with  the  utmost  fidelity,  and  the  pro- 
cess is  applicable  to  a variety  of  usefid  pm'poses,  such  as  the 
delineation  of  objects  in  the  solar  microscope,  &c. 

The  photographic  paper  may  be  made  by  dipping  fine  writing 
paper  of  good  quality  into  a weak  solution  of  common  salt, 
taking  care  to  distribute  it  equally  through  its  substance,  and 
then  wiping  it  dry.  A weak  solution  of  nitrate  of  silver  is  then 
spread  upon  one  surface  only  and  dried  at  the  fire.  A still 
more  sensitive  paper  is  produced  by  washing  the  paper  over 
with  nitrate  of  silver  in  the  first  place,  then  with  bromide  of 
potassium,  and  afterwards  again  with  nitrate  of  silver ; drying  it 
at  the  fire  after  each  operation.  This  paper  is  very  sensitive  to 
the  light  of  the  clouds,  and  even  to  the  feeblest  daylight. 

The  mode  of  fixing  and  preserving  the  images  formed  u|5on 
this  paper  depends  upon  the  application  of  some  liquid  capable 
of  dissolving  and  washing  off  the  unchanged  salt,  but  leaving 
the  reduced  silver  untouched.  These  conditions  are  best  fulfilled 
by  the  liquid  hyposulphites ; but  various  other  agents  may  be 
used,  such  as  ammonia,  solution  of  ferrocyanide  of  potassium, 
of  common  salt,  and  even  pure  water. 

A process  of  the  same  nature  had  previously  been  invented 
in  France  by  M.  Niepce.  He  dissolved  asphaltum  in  oil  of 
lavender,  and  thus  produced  a thick  varnish,  with  which  he 
covered  the  surface  of  a polished  metallic  plate.  The  plate, 
after  having  been  subjected  to  a moderate  heat,  was  covered 
with  a w’hitish  adhesive  coat,  which  was  the  bitumen  in  powder. 
It  was  then  placed  in  the  focus  of  the  camera  obscura,  and 
after  some  time  faint  traces  of  the  image  were  perceptible  in 
the  powder.  These  lines  were  strengthened  by  plunging  the 
plate  into  a mixture  of  oil  of  lavender  and  petroleum.  Such 
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parts  of  the  surface  as  had  been  exposed  to  the  light  remained 
nearly  intact,  while  the  powder  on  the  other  parts  rapidly 
dissolved,  and  even  left  the  metal  bare,  A picture  was  thus 
obtained  in  wdiich  the  Ughts  corresponded  to  the  lights,  and  the 
shadows  to  the  shadows.  The  half  tints  resulted  from  that  part 
of  the  varnish  which  a partial  penetration  of  the  solution  had 
rendered  less  dense  than  the  other  parts. 

This  process  is  particularly  interesting  in  a scientific  point 
of  view,  as  indicating  an  action  of  light  upon  the  molecular 
arrangement,  rather  than  upon  the  chemical  affinity  of  the 
bodies  affected.  For  it  is  probably  owing  to  such  a new 
arrangement  that  the  essential  oil  penetrates  the  bitumen  with 
more  or  less  difficulty. 

’ M.  Daguerre,  who  was  associated  with  M.  Niepce  in  some 
of  his  exjjeriments,  has  carried  a similar  process  to  a much 
higher  degree  of  perfection,  which  in  France  has  been  thought 
worthy  of  a national  recompense.  The  basis  of  the  daguerro- 
type  is  a copper  plate  covered  with  burnished  silver,  superfici- 
ally converted  into  an  iodide  of  silver  by  placing  it  horizontally, 
the  face  downwards,  in  a well  covered  box,  at  the  bottom  of 
which  is  a small  quantity  of  iodine  undergoing  spontaneous 
evaporation.  When  the  plate  thus  prepared  comes  out  of  the 
camera  obscura,  not  a line  can  be  seen  upon  it.  The  yellow 
coat  of  the  iodide  of  silver,  which  has  received  the  image, 
appears  to  be  of  a perfectly  uniform  shade  in  every  part.  The 
plate  is  then  exposed,  in  a second  box,  to  the  action  of  mercurial 
vapour,  which  immediately  produces  the  most  curious  effect. 
It  attaches  itself  to  those  parts  of  the  surface  of  the  plate  wdiich 
have  received  a vivid  light,  and  leaves  those  untouched  which 
have  remained  in  the  shadow.  It  precipitates  itself  on  the 
spaces  occupied  by  the  half  tints,  in  proportion  as  they  approach 
to  the  lights  and  shadows.  The  images  are  fixed  by  immersing 
the  plate  in  hyposulphite  of  soda,  and  afterwards  washing  it 
with  distilled  water. 

§ 660.  The  operation  of  bleaching  linen  affords  another 
and  more  familiar  illustration  of  the  chemical  changes  which 
light  is  capable  of  producing.  Every  washerwoman  is  aware 
from  experience  that  this  process  most  readily  succeeds  in 
bright  weather.  The  removal  of  colour  is,  probably,  ultimately 
referrible  to  the  decomposition  of  water,  and  the  consequent 
disengagement  of  oxygen. 
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§ 661.  The  instances  in  which  light  promotes  combina- 
tion are  equally  striking. 

We  have  already  stated  that,  when  hydrogen  and  chlorine 
gases  are  mixed  together,  they  enter  very  slowly  into  combina- 
tion in  a feeble  light;  but,  when  exposed  to  the  direct  rays  of 
the  sun,  combination  is  extremely  rapid,  and  not  unfrequently 
attended  with  explosion. 

Chlorine  and  carbonic  oxide  can  be  made  to  unite  together 
by  no  other  influence  with  which  we  are  acquainted,  and  hence 
the  product  has  been  phosgene  gas.  They  are  introduced 

for  this  purpose  in  equal  volumes  into  an  exhausted  flask,  and 
exposed  for  a quarter  of  an  hour  to  bright  sunshine.  The 
colour  of  the  chlorine  gradually  disappears,  and  the  gases  are 
condensed  into  half  their  united  bulk.  The  new  gaseous  body 
has  an  intolerably  pungent  odour,  and  greatly  afiFects  the  eyes. 
It  reddens  litmus,  and  by  contact  with  water  is  resolved  into 
carbonic  and  muriatic  acids.  It  condenses  four  times  its  volume 
of  ammoniacal  gas,  and  the  product  is  a white  neutral  salt, 
from  which  the  more  powerful  acids  disengage  carbonic  and 
muriatic  acids. 

§ 662.  All  the  rays  of  the  solar  spectrum  are  not  equally 
endued  with  this  influence  upon  chemical  affinity;  for  when  they 
fall  upon  paper  impregnated  with  chloride  of  silver,  the  chloride 
becomes  blackened  much  sooner  in  the  violet  than  in  the  other 
coloured  rays.  This  part  of  the  subject  has  very  recently  been 
investigated  by  Sir  John  Herschel,  who  has  opened  up  a mine 
of  discovery  of  the  most  wonderful  nature,  and  the  imjDortance 
of  which  it  is  scarcely  possible  duly  to  appreciate. 

He  has  established  by  his  experiments,  that  one  and  the 
same  solar  spectrum,  thrown  on  papers  differently  prepared, 
indicates  by  the  impressions  photographically  left  on  those 
papers  the  most  capricious  differences  in  the  scale  of  action, 
whether  estimated  by  the  extent  of  the  discoloration  in  the 
direction  of  the  length  of  the  spectrum,  or  by  its  intensity  at 
different  points  of  that  length.  Acting  with  one  kind  of  paper 
the  chemical  spectrum  includes  within  its  limits  the  tvhole 
luminous  spectrum,  extending  much  beyond  the  extremest 
visible  red  rays  on  the  one  hand,  and  on  the  other  to  a sur- 
prising distance  beyond  the  violet;  while  if  another  paper  is 
used,  all  action  appears  definitively  cut  oft'  at  the  orange;  if 
another,  at  the  commencement  of  the  green ; and  if  another,  at 
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that  of  the  blue  rays.  In  one  description  of  paper  the  maxi- 
mum of  apparent  action  lies  beyond,  in  that  of  another,  within 
the  visible  violet;  in  a third,  far  in  upon  the  blue;  while  in  a 
fourth,  several  successive  maxima  appear.  Differences  are  also 
indicated  in  the  kind  of  action  at  different  points  of  the  spec- 
trum, as  manifested  by  differences  of  colour  produced,  and  a 
shifting  upon  the  spectrum  itself  of  the  points  where  these 
differences  of  action  commence  and  terminate.  He  also  found 
that  tv'o  rays  of  different  refrangibilities  acting  at  once,  will 
produce  an  effect  which  neither  of  them  acting  separately  is 
competent  to  produce. 

One  of  the  most  striking  and  unexpected  results  was  the  form- 
ation of  a coloured  photographic  impression  of  the  solar  spectrum 
itself,  of  which  the  tints  were,  indeed,  sombre,  but  unequivocal. 

Sir  John  Herschel  endeavoured  to  detect  the  existence  of 
inactive  spaces  in  the  chemical  spectrum,  analogous  to  the  dark 
lines  in  the  luminous  one ; but  without  any  marked  success. 
The  attempt,  however,  revealed  several  curious  facts.  The  maxi- 
mum of  action  on  the  most  ordinary  description  of  photographic 
paper,  namely,  that  prepared  with  common  salt,  was  found  to 
be,  not  beyond  the  violet,  but  about  the  confines  of  the  blue 
and  green : and  the  visible  termination  of  the  violet  rays  nearly 
bisected  the  photographic  image  impressed  on  the  paper : in 
the  visible  violet  rays  there  occurred  a sort  of  minimum  of 
action  : the  whole  of  the  red  appears  to  be  inactive ; and  lastly, 
the  orange-red  rays  communicate  to  the  paper  a brick-red  tint 
passing  into  green  and  dark  blue.  Hence  he  deduced,  first,  the 
absolute  necessity  of  perfect  achromaticity  in  the  object-glass  of 
a photographic  camera ; and  secondly,  the  possibility  of  the 
future  production  of  naturally  coloured  photographs. 

The  rays  occupying  the  red  end  of  the  spectrum  were  found 
to  exert  an  action  of  an  opposite  nature  to  that  of  the  blue, 
violet,  and  lavender  rays.  When  the  red  rays  act  on  prepared 
paper  in  conjunction  with  the  diffused  light  of  the  sky,  the  dis- 
colorating  influence  of  the  latter  is  suspended,  and  the  paper 
remains  white ; but  if  the  paper  has  been  already  discoloured 
by  ordinary  light,  the  red  rays  change  its  actual  colour  to  a 
bright  red. 

He  inquired  more  particularly  into  the  effects  of  the  com- 
bined action  of  a red  ray  with  any  other  single  ray  in  the 
spectrum ; whether  any,  and  what  differences  exist  between  the 
joint,  and  the  successive,  action  of  rays  of  any  two  dift'erent  and 
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definite  refrangibilities  ; and  whether  this  action  be  capable,  or 
not,  of  producing  effects,  which  neither  of  them,  acting  alone, 
would  be  competent  to  produce.  The  result  was  that,  although 
the  previous  action  of  the  less  refrangible  rays  does  not  appear 
to  modify  the  subsequent  effects  produced  by  the  more  refran- 
gible ; yet  the  converse  of  this  proposition  does  not  obtain,  and 
the  simultaneous  action  of  both  produces  photographic  effects 
very  different  from  those  which  either  of  them,  acting  sepa- 
rately, are  capable  of  producing. 

Amongst  his  other  discoveries,  he  also  found  a whitening 
power  of  the  several  rays  of  the  spectrum  under  the  influence  of 
hydriodic  salts,  on  paper  variously  prepared  and  previously 
darkened  by  the  action  of  solar  light.  The  singular  property 
belonging  to  the  hydriodate  of  potassa  of  rendering  darkened 
photographic  paper  susceptible  of  being  whitened  by  further 
exposure  to  hght,  afforded  a series  of  new  relations  among  the 
different  parts  of  the  spectrum,  with  respect  to  their  chemical 
actions. 

Many  of  Sir  John  Herschel’s  most  interesting  experiments 
have  been  performed  with  vegetable  colouring  matters,  and  he 
has  described  with  great  detail,  in  a recent  paper  read  to  the 
Royal  Society,  the  photographic  effects  produced  on  papers 
coloured  by  various  vegetable  juices,  and  afterwards  washed  ^vith 
solutions  of  particular  salts ; and  he  has  given  a minute  account 
of  the  manipulations  he  employed  for  the  purpose  of  imparting  to 
paper  the  greatest  degree  of  sensitiveness  to  the  action  of  solar 
light.  This  action  he  found  to  be  exceedingly  various,  both  as 
regards  its  total  intensity  and  the  distribution  of  the  active  rays 
over  the  spectrum.  He  observed,  however,  that  the  following 
peculiarities  obtain  almost  universally  in  the  species  of  action 
exerted. 

First,  the  action  is  positive;  that  is  to  say,  light  destroys 
colour,  either  totally,  or  leaving  a residual  tint,  on  which  it  has 
no  further,  or  a very  much  slower  action ; thus  effecting  a sort 
of  chromatic  analysis,  in  which  two  distinct  elements  of  colour 
are  separated,  by  destroying  the  one  and  leaving  the  other  out- 
standing. The  older  the  paper,  or  the  tincture  with  which  it  is 
stained,  the  greater  is  the  amount  of  this  residual  tint. 

Secondly,  the  action  of  the  spectrum  is  confined,  or  nearly 
so,  to  the  region  of  it  occupied  by  the  luminous  rays,  as  contra- 
distinguished both  from  the  so-called  chemical  rays  beyond  tlie 
violet,  (which  act  with  chief  energy  on  argentine  compounds. 
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but  are  here  for  the  most  part  ineflfective,)  on  the  one  hand, 
and  on  the  other,  from  the  thermic  rays  beyond  the  red,  which 
appear  to  be  totally  ineffecth^e. 

Besides  these,  he  also  obsei'ved  that  the  rays  which  are 
effective  in  destroying  a given  tint,  are,  in  a great  many  cases, 
those  whose  union  produces  a colour  complementary  to  the 
tint  destroyed,  or  at  least  one  belonging  to  that  class  of  colours 
to  which  such  complementary  tint  may  be  referred.  Yellows 
tending  towards  orange,  for  example,  are  destroyed  with  more 
energ3^  by  the  blue  rays  ; blues  by  the  red,  orange,  and  yellow 
rays  ; purples  and  pinks  by  yellow  and  green  rays.  These  phe- 
nomena may  be  regarded  as  separating  the  luminous  rays  by  a 
broadly  defined  line  of  chemical  distinction  from  the  n on- 
luminous  ; but  whether  they  act  as  such,  or  in  virtue  of  some 
peculiar  chemical  quality  of  the  heat  which  accompanies  them 
as  heat,  is  a point  which  he  considers  his  experiments  on  guaia- 
cum  as  leaving  rather  equivocal.  In  the  latter  alternative,  he 
obsen^es,  chemists  must  henceforward  recognise,  in  heat  from 
different  sources,  differences  not  simply  of  intensity,  but  also  of 
quality ; that  is  to  say,  not  merely  as  regards  the  strictly  che- 
mical changes  it  is  capable  of  effecting  iii  ingredients  subjected 
to  its  influence. 

One  of  the  most  remarkable  results  of  this  inquiry  has  been 
the  discover)’^  of  a process,  circumstantially  described  by  Sir 
John  Herschel,  by  which  paper  washed  over  with  a solution  of 
ammonio-citrate  of  iron,  dried,  is  rendered  capable  of  receiving 
with  great  rapidity  a photographic  image,  which,  from  being 
originally  faint  and  sometimes  scarcely  perceptible,  is  imme- 
diately called  forth  on  being  washed  over  with  a neutral  solution 
of  gold.  The  picture  does  not  at  once  acquire  its  full  intensity, 
but  darkens  with  great  rapidity  uji  to  a certain  point,  when  the 
resulting  photograph  attains  a sharpness  and  perfection  of 
detail  which  nothing  can  surpass.  When  the  effect  has  been 
satisfactorily  produced,  the  picture  must  be  rinsed  turn  or  three 
times  in  fresh  water,  and  dried.  It  may  afterwards  be  perma- 
nently fixed  by  passing  over  it  a weak  solution  of  hydriodate  of 
potassa,  and  again  rinsing  it  in  water.  To  this  process  its 
author  applies  the  name  of  crysotype,  to  recall  to  mind  its 
analogy  with  the  calotype  process  of  Mr.  Talbot,  to  which  in  its 
general  effect  it  affords  so  close  a parallel. 

§ G63.  The  most  intense  light  from  the  ordinary  com- 
bustion of  the  hydrocarbons  produces  no  change  upon  chloride 
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of  silver,  nor  yet  on  a gaseous  mixture  of  hydrogen  and  chlo- 
rine; but  the  light  from  the  voltaic  battery,  and  that  from  lime 
heated  in  the  oxyhydrogen  blowpipe,  when  concentrated  by  a 
glass  lens,  speedily  blackens  the  chloride,  and  has  even  been 
applied  to  jihotographic  purposes. 

§ 664.  The  processes  of  vegetation  are  also  greatly  under 
the  influence  of  the  same  subtle  agency.  The  artificial  exclu- 
sion of  light  from  plants  gives  rise  to  the  effect  upon  them, 
which  is  called  etiolation,  or  blanching.  Under  such  circum- 
stances they  always  extend  their  branches  and  shoots  towards 
any  opening  at  which  light  is  partially  admitted;  and  if  this 
be  closed,  and  another  opened  in  a different  situation,  they 
change  their  direction,  and  still  turn  towards  the  luminous 
influence.  If  kept  in  perfect  darkness  they  become  feeble, 
succulent,  insipid,  and  of  a white  or  yellowish  colour;  but  if  in 
this  state  they  be'  transferred  to  a situation  where  they  may 
enjoy  the  action  of  the  solar  rays,  they  regain  their  green 
colour  and  become  vigorous.  According  to  the  obsen^ations  of 
Sennebier,  the  green  colour  of  the  leaves  of  plants  is  more 
readily  developed  under  the  influence  of  violet  light  than  under 
that  of  any  other  colour. 

§ 665.  We  will  close  this  summary  view  of  the  relations 
of  light  to  matter  wdth  a few  observations  upon  the  different 
degrees  with  which  it  seems  to  be  absorbed  and  retained  by 
some  bodies.  There  are  substances  which  ajjpear  to  be  capable 
of  emitting  light  at  a very  moderate  accession  of  temperature, 
without  undergoing  any  sensible  chemical  change.  The  diamond, 
for  instance,  fluor  sjDar,  and  various  other  bodies,  possess  this 
property  in  various  degrees.  It  is  called  phosphorescence,  but 
is  very  different  from  the  luminous  property  possessed  by 
phosphorus,  which,  as  we  have  seen,  is  due  to  a slow  combus- 
tion at  a low  temperature.  These  bodies  lose  the  property  of 
emitting  light  when  they  have  frequently  been  made  to  undergo 
the  process;  but  may  have  it  restored,  by  passing  through  them 
strong  electric  discharges,  which,  in  some  cases,  Avill  confer  the 
property  upon  substances  which  did  not  previously  possess  it. 
Some  species  of  fluor  spar  ( chlorophane ) become  so  light 
in  boiling  water  as  to  enable  a person  to  distinguish  the  letters 
of  a book. 

§ 666.  Another  class  of  bodies  first  absorb  liglit  from  an 
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extraneous  source,  and  give  it  out  again  upon  being  taken  into 
a dark  place:  these  are  sometimes  distinguished  as  solar 
phosphori.  The  most  powerful  of  these  is  an  artificial  compound 
first  made  by  Canton.  It  may  be  formed  by  mixing  three  parts 
of  calcined  oyster-shells  in  powder  with  one  of  flowers  of 
sulphur,  and  igniting  the  mixture  strongly  for  half  an  hour  in  a 
crucible.  On  picking  out  the  lighter  coloured  parts,  and  expos- 
ing them  to  the  sunbeams,  to  common  daylight,  or  to  the  light 
of  an  electric  explosion,  they  will  acquire  the  faculty  of  shining 
in  the  dark,  so  as  to  illuminate  the  dial  of  a watch  and  make 
its  figures  visible.  After  a time  it  will  cease  to  shine;  but  if 
kept  in  a well-stopped  phial,  a fresh  exposure  to  the  sun  will  at 
any  time  restore  the  luminous  property. 

§ 66’J.  Some  species  of  animal  and  vegetable  matter, 
in  a state  of  decay,  have  the  property  of  emitting  light, — 
particularly  some  marine  fish  and  Crustacea,  as  lobsters.  The 
quantity  of  light  given  off  by  such  substances  is  by  no  means 
proportioned  to  their  degree  of  putrefaction;  but,  on  the  con- 
trary, the  greater  the  putrescence  the  less  light  they  generally 
emit. 


§ 668.  The  power  which  certain  living  animals  possess 
of  emitting  light  at  their  pleasure,  properly  falls  within  the 
province  of  the  science  of  Physiology  for  examination  and 
explanation.  We  have  the  less  reluctance,  indeed,  to  pass  over 
with  a brief  allusion,  the  interesting  phenomena  which  the 
glow-worm  and  the  fire-fly  present,  inasmuch  as  they  at  present 
remain  amongst  the  most  inexplicable  of  the  products  of  life. 
The  superficial  waters  of  the  ocean  sometimes  glow  with  living 
fire,  emitted  from  countless  millions  of  minute  marine  animals 
who  have  the  privilege  of  kindling  it  and  extinguishing  it  at 
will;  while  in  the  eternal  darkness  of  the  great  deep,  to  which 
the  rays  of  the  solar  orh  can  never  penetrate  (§  221),  the  larger 
animals  are  lighted  to  fulfil  the  purposes  of  their  being,  by  a 
process  which  appears  at  present  to  he  amongst  the  most 
inscrutable  wonders  of  the  Creation.  Our  knowledge  of  Animal 
Chemistry  scarcely  enables  us  to  form  a guess  respecting  the 
nature  of  that  light  which  is  thus  provided  for  the  submarine 
hosts  of  beings. 

§ 669.  The  concurrence  of  the  different  forces  of  cohesion. 
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adhesion,  affinity,  light,  heat,  electricity,  and  magnetism,  is 
exemplified  in  the  most  marvellous  manner  in  the  arrangements 
and  phenomena  to  which  we  must  next  direct  our  attention; 
and  for  the  proper  understanding  of  which  our  previous  inves- 
tigations into  the  laws  of  each  are  no  more  than  a necessary 
preparation.  We  must  return  to  the  force  of  affinity,  and 
pass  from  its  local  action  to  consider  the  phenomena  of  its 
current  state. 

XIII.  CURRENT  AFFINITY. 

§ 6/0.  The  force  of  affinity,  as  we  have  hitherto  con- 
templated it,  has  been  excited  by  the  contact  of  the  particles 
of  dissimilar  kinds  of  matter;  it  has  been  expended  at  the  points 
at  which  it  originated;  and  its  action  has  only  become  continu- 
ous by  the  gradual  supply  of  the  active  agents,  and  the  removal 
of  the  inert  compounds  by  the  agency  of  concurrent  forces. 

Metallic  zinc,  when  exposed  to  a sufficiently  high  tempe- 
rature, burns  in  the  air  with  a plentiful  evolution  of  brilliant 
light  and  heat;  but  the  process  soon  comes  to  an  end,  if  the 
oxide,  which  is  the  product  of  the  combustion,  be  not  removed, 
and  fresh  contacts  produced  between  the  metal  and  the  oxygen. 

A plate  of  bright  zinc,  when  immersed  in  water,  speedily 
becomes  dulled  by  the  formation  of  a thin  coat  of  oxide;  but 
the  oxidation  proceeds  no  further,  because  the  adhesion  of  the 
oxide  prevents  a renewed  contact  of  the  metal  and  the  w’^ater. 

A similar  plate  of  zinc  in  dilute  sulphuric  acid,  decomposes 
the  aqueo-acid,  and  takes  the  place  of  its  hydrogen.  The 
solution  goes  on  Avith  rapidity  because  the  surfaces  of  contact 
between  the  metal  and  the  acid  are  perpetually  rencAved,  the 
disengaged  liydrogen  being  carried  out  of  the  sphere  of  action 
by  its  elastic  force,  and  the  sulphate  of  zinc  AAffiich  is  formed 
being  also  removed  by  solution. 

§ 671.  If  the  surface  of  the  zinc  plate  be  carefully  amal- 
gamated AAuth  mercury,  a new  play  of  forces  is  produced.  Upon 
introducing  the  plate  into  the  dilute  acid,  its  surface  becomes 
covered  with  bubbles  of  hydrogen  gas,  Avhich  adhere  Avith  con- 
siderable force,  and  will  not  rise  through  the  liquid;  the  force 
of  adhesion  is  sufficient  to  counteract  their  elasticity.  The 
metal  is  thus  protected  from  further  action;  but  if  the  Imbbles 
be  carefully  brushed  aAvay  as  they  are  produced,  the  solution  of 
the  zinc  and  the  decomposition  of  the  acid  Avill  proceed. 
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§ 672.  It  can  scarcely  be  necessary  to  remark  that  these 
compositions  and  decompositions  take  place  in  equivalent  pro- 
portions : 32  parts  or  1 equivalent  of  zinc  displace  1 equivalent 
of  hydrogen  from  49  parts  or  1 equivalent  of  aqueo-sulphuric 
acid:  80  parts  of  sulphate  of  zinc  are  thus  formed;  from  which 
48  parts  or  1 equivalent  of  potassa  will  throw  down  40  parts  of 
oxide  of  zinc. 

§ 673.  All  these  actions  are  local ; hut  we  have  it  in  our 
power  to  cause  this  same  force  of  affinity  to  travel:  we  can  send 
it  to  a distance,  and  oblige  it  to  act  at  points  far  removed  from 
that  at  which  it  is  excited  or  generated.  Some  of  the  results 
will  be  manifested,  as  before,  by  decompositions  and  recomposi- 
tions of  matter;  hut  not  confined,  as  heretofore,  to  the  point 
from  which  the  force  is  set  free ; and  new  forces  will  have  space 
in  which  to  develope  themselves.  The  impulse  must  be  given 
and  maintained  by  the  contact  of  dissimilar  particles  of  matter ; 
but  it  may  be  communicated  to  points  very  distant  from  those 
at  which  it  originates  through  appropriate  conductors. 

§ 674.  The  analogy  of  the  transmission  and  direction  of 
mechanical  force  may,  perhajjs,  assist  in  the  formation  of  a clear 
idea  of  this  influence  of  bodies  where  they  ^^are  not.”  Every 
one  is  familiar  wdth  the  modes  by  which  the  muscular  force  of 
animals,  the  elastic  force  of  steam,  or  the  wind,  or  the  attraction 
of  gravitation,  is  led  by  the  solid  matter  of  levers,  cords,  and 
wheels,  to  distant  points  from  its  source,  and  there  set  to  work : 
somewhat  in  the  same  w^ay  we  may  conceive  that  the  force  of 
affinity  may  be  directed  to  distant  points  through  appropriate 
conductors.  But  its  journeyings  must  be  in  a circle,  and  the 
arrangement  must  be  made  in  such  a way  that  the  imjDulse  may 
return  to  the  point  from  which  it  set  out : — it  must  circulate. 
In  this  we  can,  perhaps,  trace  an  analogy  with  mechanical  force, 
which  must  react  upon  the  point  from  which  it  emanates.  But 
actions  so  remote  from  all  common  experience  can  only  be 
elucidated  by  experiment,  and  the  results  of  the  careful  observa- 
tion of  facts  in  circumstances  purposely  contrived  and  varied. 

§ 675.  We  have  already  stated  that,  when  an  amalga- 
mated zinc  plate  is  immersed  in  water  acidulated  with  sulphuric 
acid,  the  incipient  action  is  soon  arrested  by  the  adhesion  of 
bubbles  of  hydrogen : a second  plate  introduced  into  the  same 
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portion  of  liquid  will,  of  course,  not  act  differently,  whether  it 
be  in  contact  with  the  first  or  not.  If,  instead  of  a second  plate 
of  zinc,  a plate  of  platinum  or  silver  be  placed  in  the  acid, 
nothing  occurs  so  long  as  the  two  plates  are  kept  separate ; but 
if  they  touch  one  another  in  any  point,  the  zinc  immediately 
begins  to  take  [oxysulphion)  the  radicle  from  the  acid.  The 
equivalent  hydrogen  is  not  now,  however,  given  off  upon  its 
surface,  but  upon  the  surface  of  the  platinum  or  silver,  even  at 
its  most  remote  points ; being  thus  removed  from  the  point  of 
contact  between  the  zinc  and  the  acidulated  water,  it  no  longer 
suspends  their  action,  and  the  solution  of  the  zinc  proceeds*. 

It  is  not  necessary  that  the  contact  between  the  two  metals 
be  made  within  the  liquid : if  they  be  only  partially  plunged 
into  it;  if  the  parts  immersed  be  separated  by  a considerable 
interval,  and  they  be  brought  to  touch  only  by  their  exterior 
edges;  action  immediately  ensues,  and  the  hydrogen  is  evolved 
only  upon  the  platinum,  however  distant  it  may  be  from  the 
zinc. 

Again : contact  between  the  two  plates  need  not  take  place 
at  all  provided  a communication  be  established  between  them  by 
means  of  any  other  metal  (122) ; a very  fine  wire  is  quite  sufficient 
for  the  purpose,  and  will  be  efficient  even  in  lengths  which  may 
be  measured  in  miles.  The  necessary  condition  is,  that  the 
connexion  be  made  by  some  good  conductor  of  electricity ; and 
charcoal  may  be  substituted  for  metal ; but  no  action  will  be  set 
up  through  a non-conductor. 


(122)  In  this  figure,  z represents  a zinc  plate> 
and  s one  of  silver,  immersed  in  a vessel  of  dilute  sul- 
phuric acid.  As  long  as  they  are  in  contact  by  their  r 
upper  extremities,  the  zine  will  be  dissolved,  and  the 
silver  will  he  covered  with  bubbles  of  hydrogen,  which 
will  quickly  rise  from  its  surfaee. 

The  foree  whieh  originates  with  the  zine  passes  in 
the  direction  of  the  lower  arrow,  from  z to  the  silver  ■. 
plate  s,  and  returns  from  s to  z in  the  direction  of  the 
upper  arrow. 

* The  binary  theory  (§  C27)  of  the  hydrated  acids  and  of  salts  is  adopted  ! 
in  this  part  of  our  investigation  as  that  which  will  be  ultimately  forced  uiion  us  i 
in  its  progress  by  the  most  conclusive  evidence ; hut  it  is  not  difficult  to  substi-  | 
tute  for  it  the  ordinary  view.  According  to  this,  it  is  the  decomposition  of  j 
water  by  the  zinc  which  is  the  primary  cause  of  the  phenomena,  the  sulphuric 
acid  only  acting  the  secondai-y  part  of  dissolving  the  oxide  formed,  and  thus  f 
presenting  fresh  surfaces  of  metal  for  oxidation. 


HEAT  UE  CONDUCTING  AVIRE. 


4 (Jo 

If  a tube  three  feet  long  be  filled  with  the  dilute  acid,  and  a 
wire  of  platinum  be  inserted  through  a cork  in  one  of  its  ex- 
tremities, and  an  amalgamated  zinc  wfire  in  the  other,  on 
connecting  the  wires  hydrogen  will  be  given  off  upon  the  former, 
not\nthstanding  the  distance  of  the  two  metals. 

§ 676.  Now  it  is  obvious  that  the  origin  of  the  action 
must  be  an  attraction  of  zinc  for  the  radicle  of  the  aqueo-acid 
{oxysuljjhion)  superior  to  that  by  which  it  is  combined  with 
hydrogen.  That  the  force  thus  generated  travels  through  the 
liquid,  is  proved  hy  the  extraordinary  transfer  of  the  disengaged 
hydrogen  to  the  opposite  plate,  which  by  itself  has  no  attraction 
(or  the  least  possible)  for  oxygen  or  hydrogen ; and  that  it 
returns  through  the  conducting  solid  to  the  zinc,  we  conclude 
from  the  whole  remaining  in  abeyance  till  the  communication  is 
complete.  Each  portion  of  the  circuit  op])Oses,  of  course,  a 
specific  resistance  to  this  circulation  dependent  upon  the  imper- 
fection of  its  conducting  power. 

§ 677-  We  can,  moreover,  produce  evidence  that  the 
conducting  wire  is  in  a state  of  activity,  while  transmitting  the 
impulse,  very  different  from  its  ordinary  state.  If  the  commu- 
nication between  the  generating  and  the  conducting  plates,  as 
we  may  call  them,  be  made  by  means  of  the  fine  wire  in  the  air- 
thermometer  which  we  have  before  described  (§  342),  it  will  be 
found  to  evolve  heat ; and  if  the  wire,  or  any  part  of  it,  be  very 
much  reduced,  or  the  plates  be  greatly  enlarged,  the  wire  will 


If  instead  of  being  in  immediate 
contaet,  as  in  the  last  figure,  the 
plates  be  connected  with  the  wires, 
c A,  B A,  the  same  eftects  will  be  pro- 
duced; but  if  the  metallic  communi- 
cation be  interrupted  for  a moment 
at  A,  all  chemical  action  will  be  ter- 
minated. 
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l)ecome  ignited  at  its  thinnest  part,  and  even  fused.  The  heat 
will  be  in  proportion  to  the  resistance  and  vary  with  the  nature 
of  the  metal,  as  we  have  found  it  with  electrical  conduction. 
(§  342). 

Different  metals  become  heated  in  different  degrees,  and 
hence,  their  difference  of  expansion  which  increases  with  the 
temperature,  as  measured  upon  a BregueUs  thermometer  (§  144), 
will  afford  a measure  of  the  exciting  cause. 

§ 678.  Every  joart  of  the  wire,  when  in  connexion  with 
the  two  plates,  is  also  capable  of  exerting  a powerful  action 
upon  the  magnetic  needle.  If  the  needle  be  allowed  to  take  its 
natural  position  lurder  the  directive  power  of  the  earth,  and  the 
wire  be  placed  above  it  in  a parallel  direction,  the  end  which 
points  to  the  north  being  directed  towards  the  silver  plate,  that 
end  wiU  move  towards  the  west,  and  the  needle  wiU  tend  to 
place  itself  across  the  wire  : but  if  the  wire  be  placed  below  the 
needle,  the  same  pole  will  move  eastward,  and  cross  the  wire  in 
the  opposite  direction.  When  the  position  of  the  zinc  and 
platinum  plates,  with  regard  to  the  needle,  is  reversed,  the 
direction  of  the  movement  of  the  needle  will  be  also  reversed, 
and  its  ultimate  position  will  indicate  the  course  of  the  current 
(123).  We  have  here  the  consideration  of  direction  introduced: 
for  the  direction  of  the  force  is  fixed,  and  limited,  as  with  other 
forces  which  act  at  a distance.  . Direction  we  are  in  the  habit 
of  appreciating  Ijy  reference  to  om*  dwn  persons  in  such  ex- 
pressions as  upwards  and  downwards,  above  and  below,  right 
and  left,  backwards  and  forwards.  We  effect  the  same  object 


(123)  In  the  annexed  diagram,  let  p n represent  the  conducting 
wire  of  the  circuit,  n being  in  connexion  with  the  silver  plate,  and  p, 
Avith  the  zinc  plate.  Let  the  natural  direction  of  the  needle,  under 


the  influence  of  the  earth,  be  represented  by  the  arroAv,  N s,  between 
the  two  circles.  When  the  needle  is  placed  above  the  Avire,  1,  its 
marked  pole  Avill  he  deflected  toAA'ards  the  Avest,  and  Avhen  placed 
below  the  Avire,  2,  it  Avill  be  deflected  to  the  east. 


MAGNETISM  OF  CONDUCTING  WIRE. 


4G7 


niore  scientifically  Ijy  reference  to  the  fixed  points  of  the  heavens 
and  the  position  of  the  magnetic  needle. 

This  is  not  the  place  in  which  we  propose  to  inquire  into  the 
laws  of  this  magnetic  action ; it  is  only  at  present  brought 
foru^ard  to  demonstrate,  that  the  wire  which  connects  the  two 
metallic  plates  in  the  arrangement  Avhich  has  been  described, 
does  in  reality  transmit  a force  which  manifests  itself  by  very 
energetic  actions.  It  has  also  been  applied  to  the  construction 
of  a A'ery  delicate  instrument  for  measuring  the  quantities  of  the 
extraordinary'^  agent  Avhich  is  thus  called  into  activity,  without 
an  explanation  of  which  it  is  scarcely  possible  to  proceed. 

§ G79*  Every  point  of  the  connecting  wire  equally  influ- 
ences the  magnetic  needle,  and  the  force  with  which  it  affects  it 
may  be  doubled  by  bending  it  back  upon  itself,  and  placing  the 
needle  between  its  two  parallel  branches  (124).  If  a copper 
ware  be  bent  into  a rectangular  form,  consisting  of  several  coils 
guarded  from  metallic  contact  by  being  covered  with  silk,  and 
in  the  centre  of  the  rectangle  a delicately  suspended  needle  be 
placed,  each  coil  will  add  its  influence  to  that  of  the  others,  and 
the  needle  will  be  impelled  by  the  joint  action  of  all.  If  such 
an  arrangement,  preAnous  to  its  connexion  Avith  the  active  plates, 
he  placed  so  that  the  rectangular  coils  be  parallel  to  the  needle 
in  the  position  it  occupies  under  the  directive  influence  of  the 
eartli,  and  the  connexion  be  then  made,  the  effect  AviU  be  to 
occasion  such  a deAuation  from  the  plane  of  the  magnetic 
meridian,  as  Avill  arise  from  the  balance  between  the  ncAV  force 
acting  on  it  and  the  magnetic  force  of  the  earth.  The  number 
of  degrees  at  AA'hich  the  needle  stops,  measured  upon  a graduated 


(124)  The  adjoining  figure  represents  a magnetic  needle,  freely 
supported  upon  a point  AA'ithin  a rectangle,  formed  by  a Avire  doubled 
back,  and  placed  in  connexion  Avitb  the  zinc  and  copper  plates  of 


a circuit,  by  the  mercury  cups, 
I’  and  N.  By  this  arrangement 
the  influence  of  the  under  part  of 
the  conducting  Avire  is  doubled 
upon  the  needle:  for  both  the 
parallel  lengths  conspire  to  deflect 
it  from  its  natural  position  in  the 
same  direction,  and  to  bring  it 
into  a position  nearer  to  a right 
angle  to  the  plane  of  the  Avire. 
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arc  of  a circle,  will  therefore  give  an  approximative  measure  of 
the  intensity  of  the  force  exerted  by  the  wire.  For  small  devia- 
tions indeed,  not  exceeding  30°,  the  force  may  be  regarded  as 
proportionate  to  the  number  of  degrees ; but  for  greater  devia- 
tions the  value  of  the  degrees  increases  very  rapidly. 

We  are  not  prepared  at  present  to  describe  the  several  modes 
by  which  the  force  raay  be  determined  with  perfect  accuracy. 

§ 680.  An  instrument  constructed  in  the  manner  which 
we  have  described  is  called  a Galvanometer.  Its  delicacy  may  be 
very  much  increased  by  employing  two  needles  attached  together, 
one  above  the  other,  in  a parallel  direction,  with  their  poles  in 
opposite  directions  (125).  The  distance  between  the  needles 
is  such  as  allow  the  upper  part  of  the  coil  of  wires  to  pass 
between  them ; an  opening  being  left  by  the  separation  of  the 
wires  at  the  middle  of  the  coil,  for  allowing  the  thread  by  which 
they  are  suspended  to  hang  between  them.  By  this  contrivance, 
the  directive  power  of  the  earth  upon  the  astatic  needle,  as  it  is 
called,  is  very  nearly  neutrahzed,  enough  only  being  allowed  to 
remain  to  bring  it  to  a constant  direction,  when  the  wire  is  in 
a state  of  inactivity : at  the  same  time  when  thrown  into  action, 
both  the  needles  are  impelled  in  the  same  direction.  The  lower 
needle  being  in  the  situation  of  the  more  simple  apparatus  just 


(125)  The  torsion  galvanome- 
ter of  Dr.  Ritchie  is  here  repre- 
sented. n s is  the  lower  needle, 
surrounded  by  the  coil  of  wire,  and 
connected  with  the  upper  needle 
s N by  a piece  of  straw  which  passes 
through  the  upper  part  of  the  hori- 
zontal coil,  and  through  a circular 
card  placed  above  it,  on  which  a 
graduated  circle  is  drawn.  It  is 
then  attached  to  the  torsion  fila- 
ment, which  is  fixed  to  a screw, 
supported  by  the  frame  of  the  in- 
strument. Th(f  filament  may  be  of 
glass,  and  the  angle  of  torsion  may 
easily  be  measui’ed  upon  the  gra- 
duated card.  The  wires  of  the  t 
coil  are  easily  connected  with  the  s 
plates  of  the  circuit,  by  means  of  |i 
the  small  mercury  cups.  | 
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described,  is  acted  upon  by  the  forces  in  every  part  of  the  coil, 
while  the  upper  needle  is  impelled  by  the  contrary  influence  of 
the  upper  side  of  the  wire,  but  in  the  same  direction  as  the 
lower,  on  account  of  the  reversed  position  of  its  poles. 

The  needle  of  an  instrument  so  constructed  will  be  sensibly 
deflected  by  the  immersion  of  less  than  -|^th  inch  of  zinc  wire, 
•j^th  inch  diameter,  and  a corresponding  length  of  platinum 
wire,  in  a large  drop  of  w^ater  acidulated  with  sulphuric  acid. 

The  galvanometer  may  be  rendered  a still  more  accurate 
measure  by  completelj’^  neutralizing  the  influence  of  the  earth 
upon  the  astatic  needle,  and  substituting  the  force  of  torsion  to 
produce  the  equilibrium  with  the  force  of  the  active  wire.  The 
ease  and  accuracy  with  which  the  former  may  be  measured, 
renders  it  a very  perfect  means  of  estimating  the  amount  of  the 
latter. 


§ 681.  The  law  of  the  propagation  of  the  current  force 
throughout  its  circuit,  or  the  conducting  power,  as  it  is  called,  of 
the  different  substances  of  which  it  is  composed,  has  been 
determined  by  the  most  accurate  measurement,  and  it  has  been 
found  to  be  directly  as  the  areas  of  the  sections  of  the  conductors 
and  inversely  as  their  lengths.  Thus  in  the  metallic  wire  con- 
necting a generating  and  conducting  plate,  it  is  specific  as 
regards  the  metal,  but  in  all  cases  proportionate  to  the  square 
of  the  diameter.  We  may  state  the  law  in  other  words  thus  : — 
the  resistances  to  the  passage  of  the  current  or  to  the  propaga- 
tion of  the  force  are  inversely  as  the  areas  of  the  sections  of  the 
conductors  and  directly  as  their  lengths. 

§ 682.  Every  part  of  a ware,  thus  forming  a communi- 
cation between  a zinc  and  platinum  plate  immersed  without 
contact  in  the  same  vessel  of  acidulated  water,  whatever  the 
nietal  may  be,  is  endued  upon  its  opposite  sides  with  the 
opposite  forces  which  are  resident  in  the  magnet,  and  commu- 
nicable only,  as  we  have  hitherto  found,  to  iron  and  nickel. 

§ 683.  The  phenomena  which  occur  when  a portion  of 
the  moist  structure  of  a living  animal,  or  even  of  one  which  has 
been  a short  time  dead,  is  made  the  medium  of  communication 
between  a zinc  and  conducting  plate,  and  the  circuit  is  com- 
pleted by  a metallic  wire,  bear  testimony  to  the  propagation  of 
some  extraordinary  force  by  the  latter.  The  history  of  the 
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origin  of  this  most  important  branch  of  science  must,  almost 
necessarily,  be  included  in  their  description.  In  the  year  1790, 
Professor  Galvani  of  Bologna,  was  accidentally  occupied  with 
the  dissection  of  a frog,  at  the  time  when  some  other  person 
was  experimenting  with  an  electrical  machine  in  its  neighbour- 
hood, and  observed  that,  whenever  the  point  of  his  scalpel  was 
in  contact  with  one  of  the  crural  nerves,  and  a spark  was  drawn 
from  the  machine,  violent  convulsions  were  occasioned  in  the 
limbs. 

We  now  know  that,  under  these  circumstances,  the  frog 
formed  part  of  a system  of  bodies  under  induction,  by  the 
polarization  of  the  particles  of  which,  the  charge  was  sustained 
upon  the  prime  conductor  j when  the  latter  was  discharged, 
their  state  of  tension  was  rebeved,  and  in  returning  to  their 
former  state,  commotion  was  produced  similar  to  that  which 
takes  place  with  more  violence,  when  an  animal  is  placed  in  the 
course  of  the  discharge  of  a Leyden  jar.  In  seeking  to  vary 
the  circumstances  of  the  experiment,  the  explanation  of  which 
was  unknown  to  him,  Galvani  armed  the  muscles  and  the  nerves 
with  different  metals,  and  found  that,  whenever  a metallic  com- 
munication was  made  between  the  two,  similar  convulsive 
movements  were  produced  without  the  co-operation  of  the  elec- 
trical machine  (126).  The  new  branch  of  science  which  sprang 
from  this  capital  observation  has  been  called  Galvanism,  in 
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(126)  The  annexed  figure  reiirescnts  the 
legs  of  a frog  prepared  for  Galvanic  experi- 
ments. The  skin  is  removed,  and  the  crural 
nerves,  a a,  are  easily  found  hy  gently  separating 
the  muscles  on  the  back  of  the  thighs:  6 is  a 
silver  wue,  passed  under  both  the  nerves,  by 
which  metallic  contact  is  insured.  The  legs 
may  be  laid  upon  a plate  of  zinc;  and,  when 
the  circuit  is  comjileted  by  a metallic  communi- 
cation between  the  two  metals,  violent  convul- 
sions are  jiroduced. 
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lionour  of  the  mind  which  discerned  the  importance  of  pheno- 
mena of  such  apparently  trifling  import. 

§ 684.  There  are  many  ways  now  known  of  varying  the 
experiment.  By  placing  a live  flounder  upon  a slip  of  zinc 
with  a shilling  upon  its  back,  whenever  a metallic  communica- 
tion is  made  between  the  two  metals  by  a metallic  wire,  strong 
muscular  contractions  are  produced  in  the  fish.  If  a piece  of 
silver  be  placed  upon  a personas  tongue,  and  a piece  of  zinc  or 
lead  vmder  it,  no  efiect  wiU  be  obserA'^ed  so  long  as  the  two 
metals  are  kept  apart:  but  when  their  ends  are  brought  in 
contact,  a slight  sensation,  as  from  a feeble  electrical  shock, 
will  be  produced,  and  a peculiar  saline  taste.  If  one  metal 
be  placed  between  the  upper  lip  and  the  gums,  upon  bringing 
their  ends  together  as  before,  the  eyes  will  be  affected  as  by  a 
flash  of  light.  This  observation  had  been  made  nearly  fifty 
years  prior  to  Galvani’s  by  Sulzer,  but  excited  little  attention ; 
although,  perhaps,  it  exhibited  the  germ  of  the  future  science 
in  a more  striking  form ; showing  what  different  fruits  are  pro- 
duced by  accidental  seeds,  when  they  fall  upon  a mental  soil 
unprepared  for  their  reception,  and  upon  one  fitted  by  proper 
culture. 

§ 685.  In  these  experiments,  no  effects  are  observed 
from  separate  pieces  of  metal  of  the  same  kind,  and  the  con- 
tractions are  most  powerful  when  those  metals  which  are  most 
difficultly  acted  upon  by  acids  are  opposed  to  others  which  are 
easily  acted  upon.  The  fluids  of  the  animal  body  act  the  part 
of  the  dilute  acid  between  the  plates  in  the  single  circuit. 

§ 686.  We  have  now  to  consider  how  the  impulse  which 
is  derived  from  the  zinc  is  transmitted  through  the  liquid  to 
the  platinum;  and  how  we  may  account  for  the  extraordinary 
fact  that  the  radicle  of  a portion  of  acid  combines  with  the 
former,  while  the  equivalent  hydrogen,  with  whieh  it  was  asso- 
ciated, is  evolved  upon  the  distant  surface  of  the  latter. 

No  visible  transfer  of  the  disunited  elements  takes  place, 
and  if  the  vessel  which  contains  the  acid  be  divided  by  a 
diaphragm  of  bladder,  or  a partition  of  porous  earthenware,  or 
other  suljstance  capable  of  imbibing  the  liquid,  and  the  two 
plates  be  placed  on  its  opposite  sides,  no  impediment  arises  to 
this  extraordinary  separation. 
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The  force  must  be  conceived  to  travel  in  this  part  of  its 
circuit  by  a species  of  convection,  of  which  a mechanical  illus- 
tration again  may  assist  us  in  forming  a first  notion.  When  a 
number  of  ivory  balls  are  freely  suspended  in  a row  so  as  just  to 
touch  one  another,  if  an  impulse  be  given  to  one  of  the  extreme 
ones  by  striking  it  with  a hard  substance,  the  force  vdll  be 
communicated  from  ball  to  ball  without  disturbing  them,  tdl  it 
reaches  the  most  distant,  which  will  fly  off  under  its  full  influ- 
ence. Such  analogies  are  but  remote,  and  must  not  be  strained 
too  far;  but  thus  we  may  conceive  that  the  force  of  afiinity 
receives  an  impulse  in  a certain  direction,  which  enables  the 
hydrogen  of  the  first  particle  of  aqueo-acid  which  undergoes 
decomposition  to  combine  momentarily  with  the  radicle  of 
the  next  particle  in  succession;  the  hydrogen  of  this  again  \Auth 
the  radicle  of  the  next;  and  so  on,  till  the  last  particle  of 
hydrogen  communicates  the  impulse  to  the  jDlatinum,  and 
escapes  in  its  own  elastic  form. 

The  force  thus  taken  up  by  the  conducting  plate,  is  trans- 
mitted along  the  connecting  wire,  with  the  phenomena  which 
we  have  described,  back  to  the  zinc,  and  thus  the  circuit  is 
completed. 

§ 687-  The  imperfection  of  verbal  communication  obliges 
us  to  describe  these  phenomena  as  successive,  whereas  they  are 
sensibly  contemporaneous.  The  generated  force  is  commonly 
described  as  a current,  as  of  some  imponderable  fluid,  flowing 
from  the  zinc  through  the  liquid  to  the  platinum,  and  back 
again  through  the  wire  to  the  zinc.  The  current  may  as  easily 
be  conceived  to  be  made  up  of  a succession  of  impulses,  com- 
municated to  a distance  through  appropriate  conductors,  as  of 
the  perpetual  generation  of  a fluid;  so,  on  the  other  hand,  the 
vibrations  of  an  elastic  body  might  be  deemed  a current  of 
mechanical  force,  and  all  the  phenomena  of  sound  explained 
upon  the  hypothesis  of  an  acoustic  fluid. 

The  expression,  however,  of  a current  is  very  convenient, 
and  when  thus  guarded  cannot  well  lead  to  misapprehension. 

§ 688.  The  amount  of  force  set  in  circulation,  as  measured 
either  by  the  zinc  consumed,  or  the  hydrogen  disengaged  in 
given  times,  or  by  its  instantaneous  heating  or  magnetic 
effects,  is  dependent  upon  the  surfaces  of  the  plates  immersed 
in  the  liquid,  supposing  them  of  equal  sizes  and  at  equal  dis- 
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tances  from  each  other.  It  will  at  once  be  perceived  that  the 
size  of  the  plates  determines,  in  fact,  the  area  of  the  section  of 
the  liquid  portion  of  the  circuit ; the  resistance  of  which  infi- 
nitely exceeding  that  of  the  metallic  portion  is,  according  to  the 
law  which  we  have  just  stated,  inversely  proportioned  to  such 
area.  It  is  not,  of  course,  necessary  that  the  metal  surfaces 
should  have  any  exact  geometric  figure;  though  our  future 
investigations  will  require  that  we  should  limit  them  by  geome- 
tric relations.  The  precise  expressions  of  experimental  results 
which  are  thus  attainable,  have  brought  this  department  of 
chemical  philosophy  within  the  dominion  of  mathematical 
calculation,  and  inspired  new  hopes  of  the  rapid  advance  of  the 
science.  The  amount  of  force  also  decreases  with  the  distance 
of  the  plates,  or  the  length  of  the  liquid  conductor,  to  which 
the  resistance  is  directly  proportionate. 

§ 689.  If  plates  of  a certain  extent  of  surface,  instead  of 
being  immersed  in  one  cell  of  liquid,  be  cut  into  several  equal 
pairs  and  placed  in  separate  cells,  and  all  the  zinc  plates  be 
connected  together  by  metallic  wires,  and  all  the  platinum 
similarly  connected,  no  action  will  ensue  till  the  two  sets  are 
also  connected  together  by  another  wire;  but  when  this  has 
been  effected,  the  amount  of  circulating  force  will  be  sensibly 
the  same  as  before.  A galvanometer  placed  between  any  two 
similar  plates,  wiU  indicate  that  the  current  passes  from  one  to 
the  other,  and  when  placed  between  the  opposite  sets,  that  the 
currents  of  all  are  united  in  its  wire.  When  arranged  in  this 
manner,  it  is  not  essential  that  all  the  pairs  should  be  of  the 
same  dimensions,  for  the  actions  of  all,  however  unequal,  may 
thus  be  combined. 

§ 690.  It  is  obvious  that  a second  zinc  plate  cannot 
perform  the  functions  of  a conducting  plate  to  the  first,  because 
it  will  itself  tend  to  generate  a current  of  exactly  equal  power 
in  the  opposite  direction,  and  the  powers  at  the  two  places  of 
action  being  in  direct  communication  will  be  balanced  against 
each  other  through  the  medium  of  the  metals,  in  a manner 
analogous  to  that  in  which  mechanical  forces  are  balanced 
against  each  other  by  the  intervention  of  the  lever.  But  any 
metal  which  has  a stronger  affinity  for  the  radicle  of  the  acid 
than  platinum,  provided  it  be  less  than  that  of  zinc,  may  be 
substituted  for  it.  Thus,  copper  when  opposed  to  platinum  is 
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capable  of  generating  a feeble  eurrent;  but  when  opposed  to 
zine  will  beeome  an  efficient  conducting  plate.  Its  attraction, 
however,  for  the  radicle,  though  counteracted,  will  act  as  an 
antagonist  force  and  cheek  the  current;  and  another  kind  of 
resistance  to  the  passage  of  the  current  is  introduced  to  our 
notice  by  this  tendency  to  a counter  current. 

§ 691.  As  current  affinity  is  thus  liable  to  be  ehecked  in 
its  course  by  the  tendency  of  an  opposing  affinity,  so  may  it  be 
assisted  by  the  more  speedy  removal  from  its  eircuit  of  the 
disengaged  hydrogen  whieh,  by  its  adhesion  to  the  conducting 
plate,  tends  also  to  generate  a counter  current.  This  may  be 
effected  by  the  addition  to  the  liquid  of  a portion  of  nitrie  acid; 
and  in  this  case  no  hydrogen  will  be  given  off,  and  the  energj’^ 
of  the  current,  as  manifested  by  its  heating  and  magnetic 
powers,  will  be  greatly  increased.  After  allowing  such  a charge 
to  neutralize  itself,  by  its  action  upon  the  zinc,  and  evaporating 
the  solution  of  the  salts  Avhich  are  formed,  the  addition  of  lime 
will  disengage  abundant  fumes  of  ammonia;  thus,  proving  that, 
not  only  has  a portion  of  the  hydrogen  eombined  with  the 
oxygen  of  the  acid  to  form  water,  but  that  another  portion  has 
combined  also  with  the  nitrogen  to  constitute  the  volatile 
alkali. 


§ 692.  The  hydrogen  may  also  be  removed  by  the  action 
of  metallic  salts;  for,  when  under  the  restraint  of  adhesion,  it 
is  capable  of  reducing  the  metals  from  their  saline  solutions. 
The  formation  of  the  hydrogen,  or  any  other  substance  capable 
of  generating  an  opposing  current,  may  even  be  prevented  by 
the  precipitation  of  the  same  metal  as  that  of  which  the  con- 
ducting plate  is  formed  from  one  of  its  saline  compounds.  A 
little  additional  arrangement  is,  however,  necessary  to  effect 
this  vdth  precision.  If  a solution  of  sulphate  of  copper  be 
merely  added  to  the  liquid  in  the  eell  whieh  contains  the  two 
plates,  after  the  circuit  has  been  completed,  the  jolatinum  plate 
will  speedily  become  coated  with  reduced  copper;  but  a portion 
of  the  metal  will  also  be  precipitated  upon  the  zinc  plate,  owing 
to  the  hydrogen  which  still  adheres  to  its  surface  from  the  local 
action:  the  consequence  will  be  that  strong  local  action  will 
take  place  upon  the  surface  of  the  zinc  plate,  owing  to  small 
circuits  formed  with  the  copper  which  attaches  itself  to  it. 

If  the  cell,  however,  be  divided  into  two  equal  parts  by  a 
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diaphragm  of  bladder,  or  porous  earthenware,  and  the  sulphate 
of  cop23er  be  added  only  to  that  division  which  contains  the 
conducting  jalate,  the  current  will  proceed  with  increased  energy, 
and  the  hydrogen  vill  be  comjiletely  absorbed. 

§ 693.  The  removal  of  the  hydrogen  from  the  eircuit 
may  also  be  expedited  by  what  may  be  called  mechanical  means 
as  contradistinguished  from  chemical.  It  may  be  observed, 
that  the  hydrogen  which  ]oossesses  a strong  power  of  adhesion 
to  jilatinum  passes  off  from  the  corners  and  edges  of  a jilate 
with  much  greater  facility  than  from  its  plane  surfaces:  the 
adhesion  being  of  course  reduced  in  jDrojiortion  to  the  reduction 
of  the  surface  of  contact:  and  we  have  already  mentioned  the 
greater  facility  with  which  vapour  passes  off  from  a rough 
surface  than  from  a smooth  one  (§87).  If  the  surface  of  the 
platinum  j^late  be  roughened,  or  if  platinum  be  thrown  down 
upon  a plate  of  silver  in  a jDulverulent,  but  still  adherent,  state, 
the  evolution  of  the  hydrogen  is  greatly  facilitated,  and  its 
counter-action  diminished. 

§ 694.  Notwithstanding  the  extraordinary  modification 
which  the  force  of  affinity  undergoes  in  these  combinations, 
everything  is  limited  by  the  laws  of  definite  and  equivalent 
proportions.  For  every  32  grains  of  zinc  ex2:>ended  in  the 
generation  of  the  force,  80  grains  of  suljfiiate  of  zinc  are  formed, 
and  1 grain  of  hydrogen  is  evolved;  or  else  80  grains  of  sulj^hate 
of  cojoper  are  decomjoosed,  and  32  parts  of  metallic  cojjper 
are  precipitated. 

Moreover,  if  we  comj^are  these  effects  of  chemical  force 
with  the  effects  produced  by  the  associated  forces,  we  shall  find 
that,  if  a certain  amount  of  these  comjiositions  and  decompo- 
sitions take  place  in  a given  interval  of  time,  a corresponding 
effect  will  be  instantaneously  jiroduced,  either  upon  the  mag- 
netic or  calorific  galvanometer;  and  if  the  chemical  effects  Ije 
augmented,  the  heating  and  magnetic  eft’ects  will  be  j^ropor- 
tionately  increased.  As  in  the  thermometer  we  ado2)t  the 
measure  of  one  of  the  effects  of  heat,  viz.  expansion,  as  the 
measure  of  the  cause,  so  we  measure  the  force  of  the  current, 
either  by  its  chemical,  its  magnetic  or  its  heating  effects. 

§ 695.  The  local  circuits  which  we  have  just  jiointcd 
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out  as  formed  by  the  precipitation  of  the  copper  upon  the  zinc 
platCj  when  not  protected  by  a diaphragm^  will  now  explain  the 
action  of  zinc  in  its  ordinary  state,  upon  dilute  sulphuric  acid. 
Perfectly  pure  zinc  acts  exactly  the  same  as  the  amalgamated 
metal,  its  surface  becomes  covered  with  bubbles  of  hydrogen, 
which  adhere  to  it,  and  put  an  end  to  the  process  of  decom- 
position; but  particles  of  iron,  copper,  and  other  metals  which 
are  met  with  in  the  zinc  of  commerce,  constitute  so  many  points 
to  which  the  hydrogen  is  directed  by  the  influence  of  small 
local  circuits,  and  the  action  proceeds.  This  local  expenditure 
of  force  does. not  interfere  with  that  which  passes  in  the  prin- 
cipal circuit,  and  common  zinc  may  be  emplo^’^ed  for  the 
construction  of  such  circuits,  although  the  metal  which  is 
expended  in  the  local  action  is  wasted  for  the  main  purposes  of 
the  combination. 

§ 696.  The  affinities  of  other  substances  may  be  thrown 
into  circulation,  and  when  solutions  of  hydriodic,  or  hydro- 
chloric acid,  are  substituted  for  water  acidulated  with  sulphuric 
acid,  iodides  or  chlorides  of  zinc  are  formed,  and  their  hydrogen 
is  directed  to  the  conducting  plate.  The  conditions  of  this 
efficiency  we  shall  advert  to  more  particularly  hereafter. 

§ 697.  The  most  energetic  affinity  unaccompanied  by 
decomposition  cannot,  however,  be  thrown  into  circulation: 
it  is  essential  that  the  liquid  portion  of  the  circuit  should  be  a 
compound.  The  simple  and  direct  combination  of  zinc  with 
oxygen,  or  of  zinc  with  the  radicle  of  the  acid,  cannot  be  made 
to  produce  any  of  the  effects  of  a current,  and  the  decomposition 
of  the  hydro-acid,  no  less  than  the  composition  of  the  salt  of 
zinc,  is  necessary  to  this  result. 

The  affinity  of  zinc  for  chlorine  is  so  great,  that  the  metal 
will  spontaneously  ignite  when  introduced  into  the  gas,  but 
zinc  and  platinum  have  been  properly  disposed  together  in 
liquid  chlorine  without  producing  the  slightest  current.  It  does 
not  excite  a current  through  the  two  plates  by  combining  with 
the  zinc,  for  its  particles  cannot  transfer  the  force  which  is 
active  at  the  point  of  combination,  across  to  the  platinum.  It  is 
not  a conductor  of  itself,  like  the  metals;  nor  is  it  capable  of 
transmitting  the  force  by  that  species  of  convection  which  we 
have  just  described  (§  686);  and,  hence,  there  is  simple  chemical 
action  at  the  spot,  and  no  current. 
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The  metals  themselves,  though  excellent  conductors,  cannot 
alone  be  made  to  transfer  the  force  from  the  point  of  generation 
to  a distance.  Melted  lead  and  tin  are  capable  of  combining 
with  platinum  with  great  energy  and  the  evolution  of  light  and 
heat ; but  if  a bent  tube  be  filled  with  melted  tin,  and  one 
extremity  be  put  into  metaUic  communication  with  one  wire  of 
a delicate  galvanometer,  and  a similar  communication  be  made 
between  the  other  and  a plate  of  platinum,  which  is  afterwards 
immersed  in  the  tin,  the  needle  will  be  affected  in  a slight 
degree  at  the  first  application  of  the  heat,  from  a cause  which 
will  be  hereafter  pointed  out,  but  will  be  no  further  disturbed 
when  the  energetic  action  between  the  two  metals  comes  on. 

§ 698.  For  the  purpose  of  establishing  a current  of  affi- 
nity, it  is  necessary  that  the  divellent  substance  be  a conductor 
of  electricity,  otherwise  the  force  which  is  developed  upon 
different  points  of  its  surface  can  never  travel  back  to  those 
points  from  the  conducting  wire  in  which  it  has  been  collected. 
But  the  same  metal  may  perform  the  functions  both  of  a gene- 
rating and  conducting  plate,  provided  one  portion  of  its  surface 
be  immersed  into  a liquid  which  it  is  capable  of  decomposing, 
while  another  is  plunged  into  a liquid  to  which  it  is  indifferent ; 
both  hquids  being  also  in  contact  with  each  other : for  the 
convection  of  the  force  can  be  maintained  by  two  or  more 
liquids  in  contact,  if  the  elements  of  the  compounds  are  inter- 
changeable with  each  other. 

If  a glass  tube,  of  about  an  inch  in  diameter,  be  bent  into 
the  form  of  the  letter  U,  and  the  two  legs  be  separated  by  a 
plug  of  clay,  plaster  of  Paris,  or  other  porous  material,  upon 
fiUing  one  leg  with  solution  of  sulphate  of  copper  and  the  other 
with  acidulated  water,  and  dipping  one  end  of  a bent  strip  of 
copper  into  the  first,  and  the  other  end  into  the  second,  a circuit 
will  be  formed.  The  extremity  in  the  acid  will  be  slowly  dis- 
solved, and  the  opposite  extremity,  being  protected  from  action 
by  the  already  saturated  state  of  the  solution  in  which  it  is  im- 
mersed, will  become  coated  with  reduced  copper ; and  if  the 
strip  be  divided  in  the  middle,  and  again  connected  by  the 
wires  of  a galvanometer,  the  needle  will  be  deflected  in  the  same 
direction  that  it  would  have  been  by  a zinc  plate  in  tbe  acid. 
If  a solution  of  potassa  or  soda  be  substituted  for  the  solution 
of  sulphate  of  copper,  and  a slip  of  zinc,  or  tin,  or  some  other 
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metal,  be  substituted  for  the  slip  of  copper,  a current  will  also 
be  established  (127). 

The  arrangement  of  the  circuit  may  be  more  simple  still ; 
for  if  some  solution  of  sulphate  of  copper  be  poured  into  a 
straight  glass  tube,  and  some  acidxilated  water  upon  it,  so  as 
not  to  mix  the  two  liquids,  upon  immersing  a strip  of  copper 
into  both,  the  lower  part  will  become  covered  with  precipitated 
copper,  while  the  upper  will  be  dissolved. 

§ 699.  The  command  which  we  thus  obtain  over  the 
force  of  affinity ; the  power  of  regulating  both  its  quantity  and 
the  duration  of  its  action ; the  possibility  of  directing  the  evolu- 
tion of  some  of  the  most  energetic  agents  at  particular  points ; 
and  especially  the  disengagement  of  hydrogen  in  a state  which 
enables  its  all-powerful  affinities  to  act  upon  surrounding  com- 
pounds, may  be  applied  to  the  production  of  compositions  and 
decompositions  which  cannot  be  effected  by  the  more  confined 
and  sudden  energy  of  local  action.  In  the  simple  apparatus  of 
the  bent  tube,  which  has  been  just  described,  if  one  leg  be  filled 
with  a solution  of  common  salt,  and  the  other  with  some  solu- 
tion of  a metallic  salt,  and  a plate  of  zinc  be  immersed  in  the 
first,  and  a plate  of  platinum  in  the  second,  on  completing  the 
circuit  by  the  metallic  communication  of  the  two  plates,  the 
metal  will  be  reduced  upon  the  latter.  On  account  of  the  slow- 
ness and  regularity  of  the  operation,  it  will  often  assume  the 
form  of  small  crystals  of  the  greatest  regularity  and  beauty. 
Thus,  when  protochloride  of  iron  is  submitted  to  the  jorocess, 
after  some  days,  the  iron  will  be  precipitated  in  veiy  small  tetra- 
hedral crystals,  which  are  sometimes  so  closely  grouped  to- 
gether, as  to  have  the  appearance  of  having'  been  melted  upon 
the  platinum.  Even  the  salts  of  those  metals  which  have  the 
strongest  attraction  for  oxygen,  may  be  reduced  by  the  same 


(127)  The  annexed  figure  represents  the  glass 
tube  bent  in  the  manner  described  in  the  text.  If 
the  lower  part  be  stopped  witli  plaster  of  Paris, 
and  solution  of  sulphate  of  copper  be  poui'ed  into 
one  branch,  and  dilute  sulphuric  acid  into  the 
other,  by  immersing  a slip  of  copper  into  each,  and 
connecting  the  two  ends  n and  p Avith  a galvano- 
meter, a current  Avill  be  indicated. 
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slow  process.  If  chloride  of  zirconium,  mixed  with  a small 
quantity  of  chloride  of  iron,  be  operated  ui^on,  the  platinum 
plate  slowly  assumes  a gray  tint,  and,  at  the  expiration  of 
twenty-four  hours,  brilliant  scales  of  a steel-gray  colour  will  be 
perceptible.  These  scales  undergo  no  ehange  in  the  solution, 
so  long  as  they  are  under  the  influence  of  the  current;  hut 
when  they  are  withdrawn,  they  rapidly  oxidate  either  in  the 
air  or  in  water  with  the  disengagement  of  hydrogen,  and  fall 
into  a white  powder. 

The  skilful  application  of  these  means  has  enabled  M.  Bec- 
querel  to  obtain  a variety  of  crystallized  compounds  of  different 
substances,  which  are  sometimes  found  in  nature,  but  were 
never  before  produeed  by  art. 

§ 790.  Dr.  Golding  Bird  has  improved  the  apparatus 
by  which  the  circulating  force  may  be  directed  to  the  produc- 
tion of  these  effects.  A glass  cylinder,  1*5  inch  in  diameter, 
and  4 inches  in  length,  is  closed  at  one  end  by  a pltig  of  plaster 
of  Paris,  *7  inch  in  thickness;  this  cylinder  is  fixed  by  corks 
inside  a cylindrical  glass  vessel,  about  8 inches  deep  and  2 
inches  in  diameter.  A piece  of  sheet  copper,  6 inches  long  and 
3 inches  wide  (having  a copper  conducting  wire  soldered  to  it), 
is  loosely  coiled  up  and  placed  in  the  small  cylinder ; a piece 
of  amalgamated  zinc,  having  also  a conducting  wire  soldered  to 
it,  is  placed  in  the  larger  external  cyUnder.  The  latter  is  tlien 
filled  with  a weak  solution  of  common  salt,  and  the  former  with 
a saturated  solution  of  sulphate  of  copper.  When  the  two 
plates  are  placed  in  connexion  with  the  wires  of  a galvanometer, 
a feeble  current  ^vill  be  indicated,  and,  after  being  in  action 
some  weeks,  chloride  of  zinc  will  be  found  in  the  external  cylin- 
der, and  beautiful  crystals  of  metallic  copper  adhering  to  the 
copper  plate  in  the  smaller  cylinder. 

Instead  of  the  galvanometer,  this  piece  of  apparatus  may  be 
connected  with  another  apparatus,  the  counterpart  of  the  first ; 
the  zinc  being  put  into  metallic  communication  with  a platinum 
plate  in  the  interior  cylinder,  and  the  copper  with  a zinc  plate 
in  the  outer;  the  outer  cylinder  of  this  second  arrangement  may 
he  filled  like  the  second  with  the  weak  brine,  and,  in  the  inner 
cylinder  may  be  placed  the  solution  of  the  oxide,  which  it  is 
intended  to  reduce  by  the  agency  of  the  hydrogen,  which  will 
he  slowly  evolved  upon  the  surface  of  the  platinum.  Metallic 
manganese  and  nickel  may  thus  be  obtained  from  their  chlo- 
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rides ; and  silicon  from  a solution  of  its  fluoride  in  alcohol. 
Potassium  and  sodium,  in  combination  with  mercury,  may  even 
be  obtained  in  such  an  apparatus,  by  placing  solutions  of  their 
chlorides  in  contact  with  that  metal. 

§ 701.  If  a solution  of  muriate  of  ammonia  be  placed  in 
the  decomposing  cell,  with  mercury  in  contact  with  the  plati- 
num plate,  a curious  and  striking  result  is  obtained,  upon  which 
much  hypothetical  speculation  has  been  expended.  After  a 
few  hours,  the  fluid  metal  swells  up  to  five  or  six  times  its 
former  bulk.  Upon  removing  it  from  the  cell  by  means  of  the 
plate  to  which  it  adheres,  it  is  found  to  be  of  a buttery  con- 
sistence, and  to  possess  a dull,  silvery,  colour,  like  a metallic 
amalgam.  It  even  crystallizes  in  cubes  at  a temperature  of  0° 
Fahr. : when  carefully  dried  and  decomposed  over  mercury  it 
evolves  ammonia  and  hydrogen  gases  in  the  proportion  of  2 : 1, 
or  NH4.  Upon  being  immersed  in  water,  it  slowly  gives  off 
hydrogen ; the  mercury  returns  to  its  former  state,  and  a solu- 
tion of  ammonia  is  obtained. 

The  same  amalgam  may  be  formed  by  dissolving  1 grain  of 
potassium  in  100  grains  of  mercury,  and  dropping  the  globule 
into  a glass  containing  a strong  solution  of  muriate  of  ammonia. 
It  swells  up  rapidly,  and  remains  permanent  a sufficient  length 
of  time  to  admit  of  examination. 

§ 702.  It  has  been,  and  is  still,  maintained  by  high 
authorities,  that  this  product  is  a real  metallic  amalgam ; and 
there  are  two  views  of  the  nature  of  the  metal  with  which  the 
mercury  is  supposed  to  be  combined.  According  to  the  first, 
nitrogen  is  supposed  to  be  a body  compounded  of  a metal  and 
oxygen,  which  is  decomposed  by  the  current,  the  metal  being 
evolved  upon  the  mercury,  and  combining  with  it.  When 
thrown  into  water,  it  takes  oxygen  from  it,  and  nitrogen  is 
reproduced,  which,  with  part  of  the  hydrogen,  forms  ammonia, 
and  another  part  escapes.  Every  effort  has,  however,  failed  to 
produce  this  supposed  metal  in  the  separate  state. 

§ 703.  The  second  view  supposes  that  ammonia  (NH3) 
unites  with  an  additional  equivalent  of  hydrogen  to  constitute  a 
metal  (NH4),  which  forms  the  amalgam  with  the  mercury. 
This  imaginary  compound  has  been  named  ammonium;  and 
this  hypothesis  considers  oxide  of  ammonium  (NH4O)  to  be  the 
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base  of  all  the  salts  of  ammonia.  As  these  salts  generally 
contain  1 equivalent  of  water,  their  analysis  will  not  contradict 
the  assumption,  for 

NII,0  = NH3IIO 

According  to  the  binary  theory  of  salts,  however,  NH4O,  in 
combining  with  a hydro-acid,  as  HCl,  or  with  an  aqueo-acid,  as 
HSO4,  behaves  as  metallic  -saline  bases,  and  unites  with  the 
radicle,  throwing  off  its  oxygen  to  form  water  with  the  hydro- 
gen, as 

NIT4,  SO4  -f  no 

§ 704.  There  is  something  startling,  perhaps,  to  our  pre- 
conceived notions,  in  thus  supposing  that  a permanent  gas  like 
hydrogen,  or  a combination  of  permanent  gases,  may  have  any- 
thing of  the  nature  of  metals,  but  the  view  is  not  wanting  in 
strong  analogies  for  its  support.  In  the  first  place,  we  have 
seen,  and  we  shall  hereafter  adduce  stiU  further  evidence  to 
show,  how  completely  hydrogen  may  be  substituted  for  metals 
in  all  chemical  combinations. 

In  the  second  place,  it  is  the  only  simple  substance,  as  we 
shall  presently  show,  that  follows  the  same  course  as  the  metals 
in  the  circuit  which  we  are  now  investigating. 

And  in  the  third  place,; it  differs  in  nothing  from  mercury 
in  a state  of  vapour,  except  its  density,  and  the  lowness  of  its 
point  of  vaporization.  The  vapour  of  mercury  at  its  boiling-point, 
has  none  of  those  characters  which  we  are  apt  to  suppose  ought 
predominantly  to  distinguish  a metal ; it  is  perfectly  transparent 
and  colourless,  and  moreover,  it  is  a perfect  non-conductor  of 
electricity. 

§ 705.  In  the  phenomena  of  current  affinity,  which  we 
have  hitherto  considered,  the  generating  and  conducting  plates 
have  been  assunied  to  be  of  the  same  dimensions,  but  the  rela- 
tive  .size  and  position  of  these  surfaces  are  important  circum- 
stances in  the  arrangement,  and  greatly  influence  the  amount  of 
force  thrown  into  circulation. 

Upon  examining  a plate  of  platinum,  which  has  been 
separated  from  a zinc  plate  by  a diaphragm,  in  the  manner 
before  described,  (§  C92),  and  surrounded  with  sulphate  of 
copper,  after  it  has  been  thrown  into  action,  it  will  be  found 
that  the  reduced  copper  has  not  only  been  precipitated  upon 
the  face  opposed  to  the  zinc,  but  upon  the  back  surface  alsoj 
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proving  that  the  force  by  which  the  metal  was  transported  has 
not  only  been  directed  in  straight  lines  between  the  two  plates, 
hut  in  lines  which  must  have  bent  round  the  edges  of  the  con- 
ducting plate.  This  spread  and  direction  of  the  force  is  a highly 
interesting  subject  of  investigation. 

§ 7O6.  If  a large  silver,  or  brass,  plate,  at  least  a foot 
square,  be  placed  in  a shallow  trough  and  covered  with  dilute 
sulphuric  acid,  to  Avhich  a portion  of  suljDhate  of  copper  has 
been  added,  and  an  amalgamated  zinc  wire,  of  about  one-eighth 
inch  diameter,  be  allowed  to  rest  by  one  of  its  ends  upon  its 
centre,  the  instant  the  two  metals  come  into  contact,  a circular 
spot  of  reduced  copper  will  be  thrown  down,  and  rapidly  spread 
itself  in  such  a way  that,  in  a few  hours,  a well-defined  circle  of 
six  inches  in  diameter  will  be  formed.  When  the  experiment 
is  made  by  inclosing  the  zinc  wire  in  a glass  tube,  the  lower 
end  of  which  is  covered  with  bladder  and  filled  with  the  dilute 
acid,  so  as  to  prevent  the  immediate  contact  with  the  plate, 
provided  a good  metallic  contact  be  made  by  means  of  a con- 
ducting wire  with  any  other  part,  the  precipitation  wall  still 
proceed  from  the  point  immediately  under  the  wire  as  from  a 
centre. 

Again. — If  a small  piece  of  zinc,  wdiose  length  is  somewdiat 
greater  than  its  width,  he  soldered  to  the  centre  of  a silver  plate 
of  about  six  inches  square,  and  it  he  placed  per25endicularly  in  a 
jar,  and  covered  with  the  solution  of  cojDper  in  acidulated  w^ater,  . 
the  coj)];)er  will  immediately  precij^itate  itself  upon  the  silver  in 
the  form  of  an  oval  surrounding  the  zinc,  and  gradually  extend-  ; 
ing  itself  equally  on  all  sides,  will,  in  a few  hours,  reach  the 
edge  of  the  j^late.  It  wall  then  make  its  apj^earance  uj>on  the  i 
opposite  surface,  till,  ultimately,  both  sides  are  coated;  the 
deposition,  how'^ever,  decreasing  in  thickness,  as  it  recedes  from  it 
the  central  zinc.  I 

§ 707*  This  influence  of  a small  generating  surface  upon  b 
a large  conducting  one,  w^as  most  ingeniously  applied  by  Sir  I 
Humphry  Davy,  to  the  prevention  of  that  corrosion  of  the  I 
copper  sheathing  of  shijis,  wdaich  takes  place  in  salt  w'ater  to  I 
such  an  extent  as  to  be  a matter  of  national  concern.  By  I 
placing  masses  of  zinc  or  cast-iron  ujion  the  ships’  bow's,  and  1 
near  the  stern,  in  contact  wdth  the  copper,  and  exjiosing  a ; 
surface  of  not  more  than  of  that  of  the  latter  metal,  it  , 
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was  completely  protected.  Unfortunately,  however,  along  with 
the  hydrogen,  which  was  thus  diffused  over  the  surface  of  the 
copper,  a quantity  of  the  earthy  bases  of  the  saline  compounds 
which  are  contained  in  sea  water,  were  determined  to  the  same 
surface,  and  formed  a crust,  which  is  most  favourable  to  the 
adhesion  of  weeds,  and  of  certain  marine  animals,  which  impede 
the  sailing  of  a ship.  On  this  account,  the  use  of  the  pro- 
tectors was  given  up;  but  probably  too  hastily,  for,  by  insu- 
lating the  generating  metal,  it  would  be  easy  to  contrive  the 
means  of  bringing  it  into  activity,  by  a temporary  connexion,  at 
such  times  only  as  its  influence  could  not  fail  of  being  beneficial. 

§ 708.  From  the  disposition  which  is  manifested  by  the 
force,  in  these  experiments,  to  spread  itself  equally  in  all 
directions  from  an  active  centre,  it  might  be  concluded,  that 
the  most  simple  and  perfect  combination  of  this  kind  would 
probably  consist  of  a solid  sphere  (or  rather  active  point)  of  a 
generating  metal,  surrounded  by  a hollow  sphere  of  an  inactive 
conducting  metal,  with  an  intervening  liquid,  capable  of  decom- 
position by  the  former,  and  not  by  the  latter;  the  circuit  being 
completed  by  a conducting  wire  properly  disposed  for  connect- 
ing the  two  metals,  for  if  we  carefully  observe  the  effect  which 
is  produced  by  a large  ffat  circular  conducting  plate,  opposed  to 
a mere  point  of  active  metal,  and  recollect  the  law  of  the 
increase  of  distance  between  the  two,  it  would  at  once  strike  us, 
that  by  gathering  up  the  conducting  plate,  as  it  were,  into  the 
form  of  a hemisphere,  we  should  necessarily  approximate  the 
two  in  such  a way  as  greatly  to  increase  the  efficiency  of  the 
current;  as,  supposing  the  extent  of  surface  to  remain  the  same, 
the  depth  of  the  conducting  liquid  would  be  diminished.  It 
would  also  appear  that  a second  hemisphere  opposed  to  the 
former,  so  as  to  constitute  a hollow  sphere  surrounding  the 
active  point  in  the  centre,  would  add  to  the  conducting  surface 
without  increasing  the  depth  of  the  liquid,  which  would  always 
be  equal  to  the  radius  of  the  sphere.  The  properties  of  such 
a circuit  may  be  submitted  to  experimental  examination,  by 
means  of  the  following  arrangement- 

Two  hollow  hemispheres  of  brass  are  fitted  together  water- 
tight,  by  means  of  exterior  ffanges  half  an  inch  wide,  and  a 
collar  of  leather,  and  thus  form  a sphere,  the  interior  diameter 
of  which  is  9^  inches;  consequently  exposing  a surface  of  about 
2G8.8  square  inches.  The  lower  hemisphere  is  fitted  into  a 
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frame  carrying  buttons  by  which  the  upper  can  be  securely 
wedged  down  upon  it;  and  underneath  these  is  a small  cock, 
by  which  any  liquid  in  the  interior  may  be  drawn  off.  The 
upper  part  of  the  upper  hemisphere  terminates  in  a tube  of 
about  one  inch  in  length,  forming  an  opening  through  which  a 
•membranous  bag  may  be  introduced,  and  from  which  it  may 
be  suspended.  This  bag  is  then  charged  with  a mixture  of 
sulphuric  acid  and  water,  consisting  of  one  measure  of  the 
.former  and  eight  of  the  latter,  and  the  unoccupied  part  of  the 
r sphere  is  filled  with  the  same  mixture,  saturated  with  sulphate 
of  copper. 

§ 709.  When  a small  sphere  of  amalgamated  zinc,  of  one 
inch  diameter  (and  exposing,  therefore,  a surface  of  3.14  square 
inches),  is  suspended  by  means  of  a well-varnished  copper  wire 
in  the  centre  of  the  sphere  so  arranged,  and  the  other  extre- 
mity of  the  wire  is  connected  by  the  intervention  of  a galvano- 
meter with  the  outside  of  the  upper  hemisphere,  the  needle  will 
be  deflected  to  a certain  amount,  say  60°,  and  will  remain  quite 
steady  for  many  hours.  If  the  apparatus  be  then  opened  and 
examined,  the  upper  hemisphere  will  be  found  coated  with  a 
beautiful  deposition  of  pink  copper.  The  lower  hemisphere, 
which  was  cut  off  from  metalhc  communication  with  the  upper 
'by  the  collar  of  leather,  will  have  no  such  precipitate  upon  it. 

§ 710-  If  the  sphere  be  then  put  together  again,  and 
charged  as  before,  and  the  circuit  be  closed  as  in  the  last 
instance,  with  the  upper  hemisphere,  the  deviation  of  the  needle 
will  of  course  be  the  same.  If  the  connexion  be  then  broken  1 
^with  the  upper  hemisphere,  and  made  with  the  lower,  the  devi-  > 
ation  will  still  be  60°,  and  when  connexion  is  made  at  the  same  1 
time  with  both  hemispheres,  the  position  of  the  needle  vfill  not  i 
-alter.  If,  while  in  this  state,  either  wire  be  lifted  singly  from  ( 
its  connexion  with  either  hemisphere,  the  needle  will  remain  i 
perfectly  steady. 

§ 711*  Upon  bringing  the  conducting  wire  of  the  lower  l 
hemisphere  into  direct  communication  with  that  of  the  zinc  ( 
ball,  while  the  wire  of  the  upper  hemisphere  is  connected  as  • \ 
before  with  the  galvanometer,  or  vice  versa,  the  needle  will  only  { 
recede  to  40°.  From  this  it  ajipears  that,  although  the  whole  \ 
.amount  of  the  force  originating  at  tlie.^inc  is  capable  of  passing  1 
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off  by  means  of  either  hemisphere  singly,  it  distributes  itself 
between  the  two,  when  both  passages  are  open,  notwithstanding 
an  additional  resistance  is  interposed  in  one  by  the  addition  of 
the  galvanometer.  Extra  contacts  with  different  parts  of  the 
Hvo  hemispheres  make  no  difference  in  any  of  these  results. 

§ 712.  When  the  sphere  is  opened,  after  it  has  been  in 
action  for  some  time  with  both  the  hemispheres  connected,  an 
equal  coating  of  copper  is  found  equally  diffused  over  each.- 
There  will  be  no  greater  accumulation  of  the  precipitate  about" 
the  points  with  which  the  conducting  wires  were  brought  into 
immediate  contact,  and  towards  which  the  force  diffused  over 
the  sphere  must  have  converged,  than  at  any  other  point; 
proving  that  the  force  which  must  have  diverged  from  the 
centre  equally  through  the  liquid,  could  only  have  drawn 
towards  the  conducting  wires  in  the  conducting  sphere  itself. 

If  two  zinc  balls  be  placed  in  the  position  of  the  single  one,- 
or  if  a rod  of  the  same  amalgamated  metal,  six  inches  in  length 
and  half  an  inch  in  diameter,  be  substituted  for  it,  the  increase 
of  the  generating  surface  will  make  very  little  difference  in  the 
amount  of  the  circulating  force. 

§ 713.  If,  when  both  the  hemispheres  are  in  metallic- 
communication,  the  position  of  the  zinc  ball  within  be  varied,- 
it  will  be  found  that,  whatever  be  the  change,  no  difference  in 
the  result  will  ensue.  Whether  it  be  placed  at  the  bottom  of 
the  membrane  almost  in  contact  with  the  sphere,  or  drawn  up 
nearly  to  the  top,  or  again  placed  in  the  centre,  no  appreciable' 
alteration  in  the  galvanometer  will  be  found.  The  mean  area  of 
the  section  of  the  conducting  liquid  will  be  the  same  in  all 
cases. 


§ 714.  The  diffusion  of  the  precipitated  copper  is,  how- 
ever, very  much  influenced  by  the  position  of  the  ball;  when 
near  the  top  or  the  bottom  it  is  thrown  down  in  a compact 
layer  on  the  segment  immediately  in  its  vicinity,  and  becomes 
thinner  and  thinner  over  the  more  remote  parts  of  the  sphere. 
To  observe  this  effect  with  the  greatest  distinctness,  the  action 
in  each  case  must  not  be  allowed  to  continue  more  than  ten  or 
fifteen  minutes;  for  the  deposition  becomes  compact  in  every 
part  in  a longer  time,  when  it  is  not  so  easy  to  judge  of  the 
different  degrees  of  thickness. 
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§ 715-  If  we  imagine  a luminous  point  placed  in  the 
same  way  within  an  opaque  hollow  sphere,  we  know  that  in 
every  position  its  intensity  would  remain  the  same,  but  only 
from  the  centre  would  its  light  be  equally  diffused  •,  and  when 
approximated  towards  any  part  of  the  surface,  that  part  would 
be  more  strongly  illuminated  than  the  others  from  which  it  had 
receded. 

Hence  it  is  probable  that  the  force  generated  in  these  com- 
binations, where  it  is  limited  in  its  diffusion  by  the  concave 
surfaces  of  spherical  forms,  follows  in  its  action  the  law  of 
radiant  forces,  that  is,  its  intensity  is  as  the  inverse  square  of 
the  distance  (§  27) ; but  we  know  at  the  same  time  that  it  is 
not  a simple  radiant  force,  like  that  of  gravity,  but  a molecular 
force,  propagated  from  particle  to  particle  of  matter,  and  pos- 
sibly modified  by  other  forces  with  which  the  same  particles 
may  be  endowed. 

We  have  already  found  the  force  bending  its  way  romid  the 
edges  of  a conducting  plate,  as  indicated  by  the  copper  preci- 
pitated upon  its  posterior  surface,  in  a way  which  cannot  be 
explained  by  the  hypotheses  of  simple  radiation.  This  action 
may  receive  some  further  elucidation  from  the  following  expe- 
riments : — 


§ 716.  A circular  plate  of  copper,  of  the  same  diameter 
as  the  brass  sphere,  was  placed  in  a pan,  and  covered  with  a 
depth  of  inches  of  the  acid  solution  of  copper.  A vdre, 
web.  covered  with  varnish,  projected  from  it,  by  which  it  was 
connected  with  a calorific  galvanometer,  the  other  extremity  of 
which  was  in  connexion  with  a zinc  ball  of  1^  inch  diameter,  ! 
placed  in  a membranous  bag  of  acid  over  the  centre  of  the  I 
plate.  When  the  ball  was  just  immersed  below  the  general  level  ' 
of  the  solution,  the  instrument  marked  82°,  when  in  the  middle 
92°,  and  at  the  bottom,  close  to  the  plate,  105°. 

After  these  experiments  the  copper  was  found  diffused  over  j| 
both  sides  of  the  plate,  but  did  not  quite  extend  to  the  centre  Ij 
of  the  under  side.  , 


§ 7l7*  The  upper  surface  of  the  plate  having  been  | 
thoroughly  covered  with  lac-varnish,  the  experiment  was  re-  i 
peated  with  the  following  results  : — 1 


Ball  at  top  . . . 69° 

„ middle  . . 75° 

„ bottom  . . 70° 


INFLUENCE  OF  SURFACES. 


487 


The  precipitated  copper  was  here  found  deposited  upon  the 
under  side,  in  a ring  about  two  inches  in  breadth  from  the  edge, 
and  there  was  very  little  in  the  centre  of  the  plate  and  none 
upon  the  upper  surface. 

The  under  surface  was  then  covered  with  the  varnish,  and 
the  clean  upper  surface  exposed,  with  the  following  results  — 

Ball  at  top  . . . 73° 

„ middle  . . 83° 

„ bottom  . . 93° 

§ 71 8.  Hence  it  appears  that  the  under  surface,  which 
by  itself  is  capable  of  sustaining  an  action  from  the  ball  in  the 
centre  of  the  solution  nearly  as  great  as  the  upper  surface, 
when  combined  with  the  latter,  adds  no  more  than  10°,  or 
about  one-eighth,  to  its  efficiency.  It  appears  also  that  whereas 
with  the  upper  sm'face  the  action  increases  in  some  inverse 
ratio  of  the  distance  of  the  generating  from  the  conducting 
surface,  with  the  under  surface  there  is  a maximum  point,  on 
both  sides  of  which  it  decreases.  This  point  is  doubtless 
dependent  upon  the  angle  at  which  the  force,  which  radiates 
(as  it  were)  from  the  ball,  meets  the  edge  of  the  plate. 

§ 719-  Next  in  simplicity  to  the  arrangement  of  the 
concentric  spheres  of  generating  and  conducting  metals,  is  that 
of  a rod  of  zinc  within  a cylinder  of  copper.  When  the  latter 
is  six  inches  in  height,  and  eleven  inches  in  circumference,  and 
the  rod  of  the  former,  of  the  same  height  and  half  an  inch  in 
diameter,  is  placed  in  a membranous  cell  in  its  interior,  the 
whole  being  charged  with  acid  and  solution  of  copper  as  before, 
the  amount  of  circulating  force  is  nearly  the  same  as  in  the 
sphere  before  described.  This  arrangement  is  of  course  much 
more  convenient  for  the  purposes  of  experiment  than  the 
former : and  its  known  geometrical  relations  adapt  themselves 
readily  to  mathematical  calculations. 

§ 720.  We  will  now  proceed  to  show  how  these  may  be 
applied  in  a perfectly  elementary  manner,  and  what  beautiful 
simplicity  and  precision  our  subject  assumes  when  we  are  able 
to  submit  its  results  to  the  correction  of  strict  mathematical 
demonstration.  We  are  indebted  to  Professor  Ohm,  of  Nurem- 
berg, for  the  simple  formula  which  will  be  our  guide  in  pur- 
suing the  remainder  of  this  investigation. 

It  is  obvious  that  in  studying  the  phenomena  of  current 
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affinity  we  have  to  do  with  an  active  force  and  with  certain' 
resistances  to  that  force,  as  has  been  already  pointed  out.  It 
is 'equally  clear  that  the  effect  produced,  or  the  amount  of  work 
performecl,  by  such  a combination,  as  indeed  by  all  other  natural 
forces,  must  be  directly  proportioned  to  the  force  and  inversely 
to  the  resistances ; and  such  proportions  may  be  represented  in 
a very  usual  way  by  a fraction,  the  value  of  which  varies  directly 
as  the  numerator  and  inversely  as  the  denominator;  as 


In  which  equation  E represents  the  electromotive  force  as  it 
has  been  termed,  or  approximatively  the  force  of  affinity 
between  the  active  metal  and  one  of  the  ingredients  of  the 
liquid  compound  upon ‘which  it  acts;  R the  resistances  in  the 
cell  (consisting  principally  of  the  affinity  of  the  ingredients  of 
the  liquid  compound  for  each  other  to  be  overcome) : r the 
amount  of  exterior  resistances  (such  as  that  of  the  wire,  by 
which  the  connexion  between  the  generating  and  conducting 
plates  is  made) ; and  A the  effective  force,  measured  by  the 
effect  produced  or  work  performed.  The  distinction  of  the 
resistances  into  two  kinds,  interior  and  exterior,  R and  r,  is'of 
great  importance,  inasmuch  as  they  are  not  influenced  by  the 
same  circumstances,  and  we  are  thus  enabled  to  deal  with  them 
as  independent  quantities. 

§ 721.  But  it  is  desirable  to  carry  this  analysis  a little 
further,  and  to  consider  that  E does  not  strictly  represent  tlie" 
force  of  affinity  between  the  active  metal  and  one  of  the  com- 
ponent parts  of  the  liquid,  but  the  balance  of  several  active 
forces  in  the  cell : — 

1st.  The  superior  affinity  of  the  generating  plate  for  one  of 
the  ingredients,  which  we  may  designate  as  B. 

2ndly.  As  the  conducting  plate  itself  can  rarely,  if  ever,  be 
considered  as  indifferent  to  the  same  ingredient,  this  inferior 
affinity  must  be  taken  into  account,  and  represented  by  h.  | 

3rdly.  The  affinity  of  the  constituent  of  the  hquid  evolved  t 
upon  the  conducting  plate  for  the  other  constituent  which  .1 
combines  with  the  generating  plate,  must  also  be  estimated,  and  1 
called  e'.  The  two  last  tend  to  produce  a current  in  the  oppo-'  ' 
site  direction  to  B ; 

therefore  E B — (/;  + e')  or, 

B - - c'' 
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Again : R,  or  the  resistance  in  the  cell,  varies  directly  as  the 
depth  of  the  liquid  (or  the  distance  betw’^een  the  generating  and 
conducting  plates),  which  we  will  call  D,  and  inversely  as  the  area 
of  the  section  of  the  liquid,  which  may  be  represented  by  S,  and 
tliese  ratios  may  then  be  represented  as  before  by  a fraction ; as 

R = — X: 

S 

r represents  all  the  exterior  resistances ; and  in  our  present 
investigation  is  confined  to  that  of  the  wire  of  communication 
between  the  generating  and  conducting  plates.  It  also  varies  in- 
versely as  the  area  of  the  section  (i.  e.  the  square  of  the  diameter), 
which  may  be  designated  by  s,  and  directly  as  the  length  I, 
or  distance  through  which  the  current  passes  out  of  the  cell ; 

tlierefore  r = — 

s 

§ 722.  Let  us  now  inquire  particularly  what  it  is  we 
mean  by  the  section  of  the  liquid  conductor.  The  limits  of  the 
section  of  the  metallic  conductor  are  strict  and  easily  deter- 
mined ; but  taking  into  consideration  the  diffusive  nature  of  the 
force  which  we  have  just  illustrated,  and  which  we  have  even 
traced  to  the  back  surface  of  a conducting  plate  opposed  to  a 
mere  point  of  generating  metal,  it  is  not  at  once  apparent  how 
the  limits  of  the  action  are  to  be  defined. 

In  a cell  composed  of  a generating  metal,  with  a conducting 
plate  of  equal  dimensions,  the  interposed  liquid  only  wetting 
the  opposite  faces  of  the  two  metals,  the  area"  of  the  section  of 
the  liquid  will  clearly  be  equal  to  the  area  of  the  acting  surface' 
of  the  conducting  plate.  In  case  the  two  metals  should  be  im- 
mersed in  a trough  iri'  such  a manner  as  to  allow  of  the  liquid 
being  in  contact  with  both  sides  of  the  plates,  it  is  also  probable 
that  the  action  of  the  back  surfaces  might  be  disregarded  without 
danger  of  material  error  in  our  calculations;  although  we  know,' 
in  fact,  that  they  would  not  be  wholly  passive : up  to  this  point,  ■ 
therefore,  there  is  no  difficulty  in  the.  application  of  the  formula ; 
for  by  doubling  the  size  of  the  plates  we  double  the  area  of  the- 
section  and  halve  the  internal  resistance,  and 

E 


E 


R + 


becomes  R -p  r 


* Tlie  resistance  of  the  liquid  is  here  assumed  to  be  constant;  but  in' 
reality  it  is  specific  for  difterent  liquids,  and  depends  upon  the  nature  of  the 
liquid,  the  degree  of  saturation  (if  a solution),  and  the  temperature. 


490 


CYLINDRICAL  SURFACES. 


§ 723.  But  how  are  we  to  determine  the  area  of  the 
section  of  the  liquid  part  of  the  circuit  when  the  surfaces  of  the 
generating  and  conducting  plates  are  not  equal  ? as  for  instance, 
in  the  case  of  a rod  of  zinc  placed  within  a cylinder  of  copper  ? 
Is  it  referrible  solely  to  the  surface  of  the  conducting  plate  ? or 
is  it  limited  by  the  mean  of  the  surfaces  of  the  two  plates?  If 
the  latter ; it  is  clear  that  the  result  would  be  the  same  whether 
the  generating  or  conducting  plate  were  the  larger  of  the  two. 
A rod  of  platinum  placed  within  a cylinder  of  zinc  ought  to 
circulate  the  same  amount  of  force  as  a rod  of  zinc  placed 
within  a cylinder  of  copper ; the  dimensions  in  both  cases  being 
respectively  the  same.  An  appeal  here  lies  to  experiment, 
which  accordingly  has  been  made  in  the  following  way  : Hollow 
cylinders  of  amalgamated  zinc  with  platinum  wire,  and  wires 
of  amalgamated  zinc  with  platinum  cylinders,  were  constructed, 
all  of  equal  heights;  the  liquid  in  contact  with  the  zinc  con- 
sisted of  dilute  sulphuric  acid  (8  water  1 acid)  separated  by  a 
porous  tube  from  strong  nitric  acid  in  contact  with  the  platinum. 
The  contact  between  the  metals  was  made  by  a BregueUs  ther- 
mometer, adapted  (§  144)  to  the  purpose  of  showing  the 
amount  of  circulating  force,  or  A of  the  formula,  by  the  diffe- 
rence of  temperature  between  the  two  metals  of  which  it  was 
composed.  The  results  are  shown  in  the  following  table  : — 


Table  XLII. 


Diameter  of 
Zinc. 

Diameter  of 
Platinum. 

Degrees  of  Thermometer. 

inches. 

0 

2f 

wire 

274  Mean  of  three  observations. 

wire 

2| 

255  Mean  of  three  observations. 

wire 

H 

279 

H 

wire 

273 

• 

270  Mean. 

The  needle  always  returned  after  each  experiment  to  the 
degree  from  which  it  started.  There  can  be  no  difficulty  in 
taking  these  results  as  sensibly  equal ; and  it  is  therefore  evident 
that  a wire  of  platinum  placed  within  a cylinder  of  zinc  esta- 
blished a current  of  exactly  the  same  force  as  a wire  of  zinc 
placed  within  a cylinder  of  platinum  of  equal  diameter.  Hence 
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we  conclude  that  the  area  of  the  efficient  section  of  the  liquid  is 
the  mean  of  that  of  the  opposed  faces  of  the  metals. 

§ 724.  The  conclusion  was  again  tested  by  measuring 
A by  the  chemical  results  produced,  instead  of  the  calorific, 
and  substituting  copper  for  the  conducting  metal  instead  of 
platinum.  The  amalgamated  zinc  rods  and  cylinders  were 
weighed  before  and  after  each  experiment,  and  the  consumption 
of  metal  was  thus  ascertained  for  intervals  of  half  an  hour, 
during  which  the  circuits  were  closed.  The  results  are  included 
in  the  following  table: — 

Table  XLIII. 


Diameter  of  Zinc. 

Diameter  of  Copper. 

Loss  of  Zinc  in  thirty  minutes. 

inches. 

inches. 

grs. 

9 

2| 

30 

2| 

30 

1 

2 

5^ 

29.7 

^2 

30 

These  results  perfectly  accord  with  the  preceding. 


§ 725.  From  the  consideration  of  the  foregoing  experi- 
ments, we  are  led  to  another  important  relation  of  the  generat- 
ing and  conducting  metals  in  these  cylindrical  arrangements; 
to  understand  which  it  must  be  borne  in  mind  that  the  surfaces 
of  cylinders,  of  equal  heights,  are  directly  proportioned  to  their 
radii. 

Let  us,  therefore,  imagine  an  indefinitely  small  rod  of  a 
generating  metal  placed  in  the  axis  of  a cylinder  of  conducting 
metal  of  a given  diameter,  filled  with  an  active  liquid ; upon 
making  contact  of  the  two  metals,  a current  would  be  esta- 
blished of  a definite  amount.  The  area  of  the  mean  section  of 
the  electrolyte  would  be  the  area  of  a cylinder  placed  half  way 
between  the  cylinder  and  its  axis,  or  half  that  of  the  cylinder ; 
and  it  would  be  the  same  whether  the  generating  or  the  con- 
ducting metal  were  the  exterior  of  the  two. 

Now  the  amount  of  the  current  ought  to  be  the  same  what- 
ever might  be  the  diameter  of  the  exterior  cylinder,  for  the 
resistance  occasioned  by  increasing  the  depth  of  the  electrolyte, 
that  is  to  say,  by  increasing  the  radius  of  the  cylinder,  is  exactly 
counterbalanced  by  the  increased  conducting  power  conferred 
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by  the  increased  area  of  the  section  of  the  electrolyte,  and  vice 
versd.  The  results  of  the  experiments  confirm  this  conclusion ; 
for  upon  reference  to  Table  XLII.  it  will  be  seen  that  cylinders  of 
1-^  inches  and  2f  inches  diameter  produced,  under  like  circum- 
stances, the  same  amount  of  current;  and  from  Table  XLII  I.  we 
learn  that  cylinders  of  2f  inches  and  inches  diameter  had 
equal  influences. 

§ 726.  Now,  it  is  ciurious  to  observe  how  chemical  affinity 
in  all  these  experiments  waits  upon  the  conducting  and  collect- 
ing power.  The  strong  attraction  of  zinc  for  [oxysulphion) 
the  radicle  of  the  aqueo-sulphuric  acid  is  held  in  complete  check 
till  a passage  is  open  for  the  circulation  of  the  force  and  the 
transfer  of  the  hydrogen;  and  its  efficiency  is  entirely  dependent 
upon  the  facility  of  the  passage ; for  it  must  not  be  forgotten 
that  a double  effect  indicated  by  the  galvanometer  implies  a 
double  solution  of  the  zinc,  and  a double  reduction  of  the 
copper,  in  the  same  time. 

§ 727*  In  all  the  arrangements  which  we  have  described, 
one  portion  of  the  circuit  or  that  within  the  cell,  has  consisted 
of  a liquid  compound,  opposing  the  transmission  of  the  force 
according  to  the  law  which  has  been  stated,  and  the  other  of 
an  exterior  metallic  conductor,  the  opposition  of  which  is 
scarcely  appreciable  in  the  comparison;  let  us  now  inquire 
whether  the  current  may  not  be  made  travel,  both  from  its 
source  and  back  again,  by  liquid  conduction ; whether  a second 
portion  of  a compound  liquid  might  not  be  substituted  for  the 
conducting  wire  in  closing  the  circuit  (128). 


(128)  The  annexed  sketch  represents  two  cells 
placed  one  above  the  other,  the  zinc  plate  of  the 
lower  being  a continuation  of  that  of  the  upper, 
and  the  platinum  plates  of  both  being  also  united 
together.  Under  these  circumstances  a current 
tends  to  pass  from  z to  p in  the  upper  cell,  in  the 
direction  of  the  arrow,  and  to  pass  down  from 
p to  p;  but  it  is  met  by  a counter  tendency  of  an 
opposite  current  in  the  lower  cell  to  pass  from 
z to  p,  and  to  ascend  from  p to  p.  These  two 
counter  tendencies  being  exactly  equal,  neutralize 
each  other,  and  no  current  can  be  established. 
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If  we  connect  tAvo  cells  together  in  such  a way  that  the  zinc 
plate  of  one  may  be  in  metallic  communication  with  the  zinc 
plate  of  the  other,  and  the  platinum  with  the  platinum,  it  is 
clear  that  each  generating  plate  would  tend  to  form  a current ; 
and  the  tAvo,  as  regards  a circuit,  would  be  in  opposite  directions. 
The  force  which  would  be  transferred  from  the  zinc  to  the 
platinum  of  the  first,  can  only  return  by  passing  from  the 
platinum  to  the  zinc  of  .the  second,  and  is  balanced  by  the 
tendency  of  an  equal  force  to  pass  from  the  zinc  to  the  platinum 
of  the  same  cell. 

§ 728.  If  we  remove  all  active  tendency  in  one  of  the 
cells  by  the  substitution  of  a second  platinum  plate  for  the  zinc, 
still  the  current  of  the  other  will  not  be  able  to  force  its  way ; 
for  it  can  only  pass  from  the  conducting  plate  to  which  it  must 
be  consigned  by  the  first  portion,  of  liquid,  by  the  decomposition 
of  the  second  portion  of  liquid,  and  the  transfer  of  the  force 
from  particle  to  particle ; ajid  the  affinity  of  the  radicle  of  the 
acid  for  the  hydrogen  has  to  be  overcome.  The  divellent  force 
which  tends  to  pass  is  scarcely  equivalent  to  that  which  unites 
the  particles  of  oxygeji  and  hydrogen  together,  and  therefore 
insufficient  to  overcome  that  force  in  the  quiescent  state. 

§ 729.  But  if  in  the  second  cell  we  can  interpose  some 
liquid  compound  between  the  plates  whose  constituent  particles 
are  held  together  by  an  affinity  of  a loAver  degree  of  intensity 
than  those  of  the  first  liquid,  the  superior  force  will  overcome 
the  inferior  and  the  current  will  be  established.  Thus  if  one  of 
the  cells  be  charged  Avith  acidulated  water,  and  the  other  with 
solution  of  hydriodic  acid,  or  iodide  of  potassium,  the  iodine 
will  be  disengaged  in  that  cell  upon  the  platinum  plate,  and  the 
hydrogen  and  the  potassa  upon  the  zinc  plate,  or  the  platinum 
plate  which  has  been  substituted  for  it ; in  a direction,  that  is, 
contrary  to  that  of  the  natural  affinity  of  the  zinc  and  iodine 
(129).  ■ 

(129)  Referring  back  to  the  last  figure,  if  we  imagine  the  upper  cell 
to  he  charged  with  acidulated  water,  and  the  lower  with  hydriodic  acid, 
the  current  from  z to  p in  the  upper  cell  originating  from  an  affinity 
of  a higher  degree  of  intensity  than  that  which  tends  to  form  a cur- 
rent from  z to  p in  the  lower,  will  force  its  Avay  against  the  opposing 
force,  and  complete  its  circuit  from  z to  p,  from  p to  p,  and  return 
from  p to  z,  and  from  z to  z,  throwing  down  the  iodine  upon  p,  and 
evolving  its  equivalent  hydrogen  upon  z,  contrary  to  the  order  of  the 
usual  affinity. 
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Tlie  fact  may  be  shown  by  the  addition  of  a little  solution  of 
starch  to  the  charge^  when  the  precipitation  of  the  iodine  will  he 
very  visible.  It  may  he  more  simply  shoum  by  connecting  the 
two  conducting  wires  of  an  active  cell  with  two  platinum  plates, 
and  placing  between  them  a fold  of  white  bibulous  paper,  and 
another  coloured  with  turmeric,  both  being  moistened  by  solu- 
tion of  iodide  of  potassium,  and  the  latter  in  connexion  with  the 
zinc  plate,  when  a yellow  spot  will  be  produced  upon  the  Avhite 
paper  by  the  iodine  disengaged,  and  a brown  spot  upon  the 
yellow  by  the  potassa  (130). 

§ 730.  But  the  amount  of  force  which  thus  makes  its 
way  against  the  opposing  affinity,  is  far  below  that  which 
circulates  when  a metallic  path  is  opened  for  it,  and  such 
obstructing  forces  are  not  brought  into  action;  as  may  be 
shown  by  interposing  a galvanometer  in  the  circuit,  or  by  the 
amount  of  hydrogen  disengaged  in  the  generating  cell. 

§ 731.  When  a chemical  resistance  is  thus  interposed  in 
a circuit,  the  lengths  of  the  connecting  wires  being  generally 

very  small,  the  metallic  resistance  — in  the  formula  may  be 

disregarded  as  quite  insignificant  in  the  comparison;  but  the 
former  will  be,  hke  the  interior  resistance  of  the  cell,  inversely 
as  the  area  of  the  section  of  the  liquid  interposed,  s',  and  directly 
as  the  distance  between  the  plates  by  which  the  current  is 
conducted  into  the  liquid  d.  The  external  resistances  of  both 
kinds  may  therefore  be  represented  by  two  fractions  as  follows; 


§ 732.  In  considering  the  electromotive  force  as  checked 


(130)  The  simple  apparatus  with  which  Dr.  Faraday  first  made 
this  important  experiment  is  here  depicted.  A clean  plate  of  zinc, 

a,  was  bent  to  a right  angle,  and  a plate  of  platinum, 

b,  was  fastened  to  a platinum  wii’e,  which  was  bent 
as  in  the  figure  at  x,  a piece  of  filtering  paper,  moist- 
ened in  a solution  of  iodide  of  potassium,  Avas  placed 
on  the  zinc,  and  was  pressed  against  the  end  of  the 
platinum  wire.  AVhen  the  plates  thus  arranged  were 
dipped  into  the  vessel,  c,  chaa-ged  Avith  dilute  sul- 
phuric acid,  mixed  Avith  a little  nitric,  iodine  Avas 
immediately  fhroAvn  doAvn  against  the  platinum  Avire. 
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by  the  tendency  of  the  element  disengaged  upon  the  conducting 
plate  to  generate  an  opposite  current,  or, 

E = B - b-e', 

it  is  clear  that  if  we,  could  annihilate  this  tendency,  or  remove 
e'  from  the  formula,  we  should  render  E more  effective.  Now 
this  may,  in  a great  measure,  be  effected,  as  we  have  already 
shown  (§  621),  by  immersing  the  conducting  plate  into  some 
liquid  which,  while  it  is  capable  of  carrjdng  forward  the  current, 
may  prevent  the  deposition  by  its  secondary  action.  It  was  for 
tliis  purpose  that  in  the  circuits  which  we  have  just  described 
(§  723)  the  platinum  was  immersed  in  nitric  acid,  separated  by  a 
porous  diaphragm  from  the  dilute  sulphuric  acid  in  contact  with 
the  zinc.  By  this  contrivance  the  hydrogen  is  prevented  from 
forming  on  the  conducting  metal  by  decomposing  the  nitric  acid 
and  combining  with  its  oxygen.  The  efficiency  of  the  circuit 
is  thus  rendered  much  greater,  as  may  be  proved  by  measuring 
the  effects  produced. 

Such  a circuit  is  now  also  capable  of  overcoming  the  exterior 
resistance  of  dilute  sulphuric  acid,  although  A,  or  the  work 
performed,  will  be  found  to  be  very  small. 

§ 733.  It  must  always  be  borne  in  mind,  that  whatever 
the  amount  of  exterior  resistances  may  be,  they  always  react 
throughout  the  circuit;  and  the  effects  produced  within  the 
cell  can  in  no  case  exceed  those  produced  without  it ; the  force 
which  circulates  must  be  equal  in  all  parts  of  its  circuit.  Thus 
A may  be  measured  by  any  of  the  effects  produced  at  any  point 
of  the  circuit.  In  the  case  just  referred  to,  the  consumption  of 
zinc  in  the  active  cell  will  be  no  more  than  equivalent  to  the 
effects  produced  in  the  passive  one;  and  incomparably  less  than 
when  the  circuit  is  closed  by  a metallic  conductor. 

§ 734.  The  affinities  which  we  have  thus  found  to  oppose 
one  another  in  the  arrangement  of  the  two  cells  which  we  have 
just  described  may  be  made  to  concur;  and  to  produce  very 
important  results.  If  instead  of  connecting  together  the  two 
zinc  plates  and  the  two  platinum,  each  zinc  be  connected  with 
the  platinum  of  the  other,  the  circuit  will  be  complete,  and  the 
force  will  circulate  with  increased  intensity.  We  may  suppose  it 
to  commence  its  course  by  setting  out  fr<*rm  the  generating  plate  of 
the  first  cell,  to  traverse  the  liquid  in  the  way  which  we  have 
described,  and  to  enter  the  conducting  plate  from  which  it  is 
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led  by  the  connecting  wire  to  the  generating  metal  of  the 
second  cell.  Here  a similar  current  is  setting  out  on  its  course 
through  the  second  portion  of  liquid  to  the  second  conducting 
plate  with  which  it  concurs,  and  the  joint  impulse  passes  from 
particle  to  particle,  and  is  communicated  to  the  metal  by  which 
it  returns  to  the  first  plate,  and  the  exalted  force  is  equalized 
throughout  the  current  (131).  The  number  of  particles  engaged 
in  the  generation  and  the  transfer  of  the  current  force,  and  the 
amount  of  decomposition  in  each  cell  is  not  increased  by  this 
repetition,  but  the  force  associated  with  them  is  raised  in 
intensity,  and  becomes  capable  of  overcoming  a greater  amount 
of  exterior  resistance  when  presented  to  it. 

Any  number  of  cells  tnay  be  thus  connected  by  their  alter- 
nate generating  and  conducting  plates;  but  no  eflTect  will  ensue 
till  the  platinum  of  one  end  of  the  series  is  put  into  communi- 
cation with  the  zinc  of  the  other  end:  but  when  the  circuit  is 
thus  completed,  the  force  will  circulate  with  an  intensity  propor- 
tionate to  the  number  of  the  cells. 

§ 735.  The  effects  of  this  exalted  condition  of  the  force 
may  be  shown  in  different  ways.  If  instead  of  a cell  with  a 
generating  and  conducting  plate  arranged  in  the  proper  order, 
one  with  a pair  of  inactive  platinum  plates  be  interposed  in  a 
circuit  of  ten  alternations,  the  current  will  be  checked,  but  not 
stopped  in  its  course;  it  will  pass  through  the  inactive  cell  with 
the  decomposition  of  the  liquid,  the  oxygen  being  evolved  upon 
the  plate  which  occupies  the  position  of  the  zinc,  and  the 
hydrogen  upon  the  opposite  plate.  If  ipstead  of  this  inactive 
cell,  an  active  one  be  introduced  with  the  position  of  its  plates 

(131)  The  annexed  figure  represents  the  ele 
mentary  battery  (128)  with  its  plates  differently 
arranged.  If  we  suppose  the  current  to  set  out 
from  z,  in  the  upper  cell,  and  to  pass  in  the  direc- 
tion of  the  arrow  to  p,  it  will  continue  its  course 
from  p to  z,  in  the  lower  cell,  when  it  will  fall  in 
with  a current  setting  out  from  z,  and  passing  in 
the  same  direction  to  p.  From  p,  it  will  return  to 
the  upper  z,  and  the  circuit  will  be  complete. 
Although  this  action  is  necessarily  described  as  pro- 
gressive, it  is  not  so  in  fact;  but  the  exaltation  of 
force  which  results  from  this  repetition  of  the 
circuit  takes  place  in  every  part  of  it  at  the  same 
moment. 
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reversed,  there  Avill  be  a tendency  in  that  cell  to  generate  a 
current  in  the  opposite  direction  to  that  of  the  other  cells;  but 
this  additional  force  will  still  be  overcome;  and  so  determinate 
is  the  direction  of  the  impulse  which  the  elements  receive,  that 
hydrogen  will  be  given  off  upon  the  surface  of  the  zinc,  in 
opposition  to  the  strong  attraction  which  we  know  it  to  possess 
for  oxygen  or  the  radicle  of  the  acid.  The  current  will  be  able 
to  overcome  a number  of  such  obstructions  proportionate  to  the 
number  of  concurring  cells. 

§ 736-  The  force  in  this  state  of  intense  activity,  will 
also  overcome  obstacles  in  a different  way.  Whatever  the 
quantity  may  be  which  is  set  in  circulation  in  single  circuits  of 
large  extent,  though  sufficient  to  ignite  and  fuse  platinum  wire 
of  considerable  thickness,  the  slightest  break  in  the  continuity 
of  the  conductor  will  stop  the  current,  for  it  will  not  have 
sufficient  intensity  to  enable  it  to  overcome  the  high  resistance 
of  the  non-conducting  air:  but  when  its  energy  has  been 
elevated  to  the  sum  of  the  efficient  forces  of  a series  of  cells,  it 
will  project  itself  through  an  interval  of  air  in  the  form  of  the 
most  dazzling  fire,  and  thus  complete  its  circuit.  It  will  also 
pass  in  the  same  splendid  form  between  two  metal  or  charcoal 
points  in  pure  water. 

§ 737-  Any  obstruction,  however,  of  whatever  kind,  it 
must  be  remembered,  reacts  upon  the  whole  chain  of  affinities, 
and  no  inequality  can  possibly  exist  in  different  portions  of  the 
current,  whether  in  its  passage  through  the  liquid,  or  the  solid 
conductors. 

This,  as  well  as  some  other  points  of  interest,  may  be  well 
illustrated  by  a circular  arrangement  of  ten  cells,  each  provided 
with  a pair  of  platinum  and  amalgamated  zinc  plates,  which 
admit  of  being  combined  together  by  conducting  wires  in 
different  ways.  Over  each  platinum  is  suspended  an  inverted 
graduated  glass  jar,  which  is  filled  with  the  same  dilute  acid  as 
the  cell,  in  which  the  disengaged  hydrogen  may  be  received  and 
measured. 

However  accurately  it  may  be  endeavoured  to  assimilate  the 
cells  to  each  other,  it  will  be  found  that  when  connected  as 
single  circuits,  either  singly  or  together,  the  action  of  each  will 
differ;  but  upon  connecting  them  so  as  to  form  a single  circular 
series,  the  inequalities  will  disappear,  and  the  amount  of  gas 
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from  each  in  equal  times  will  be  equal.  When  the  cells  are 
combined  together  in  pairs,  two  adjoining  platinum  plates 
being  connected,  and  two  corresponding  zinc  plates ; and  the 
five  pairs  are  afterwards  arranged  in  series  by  wires,  leading 
from  each  pair  of  zinc  to  the  next  pair  of  platinum,  the  irregula- 
rity of  the  action  will  again  disappear.  The  arrangement  is 
equivalent  to  a series  of  five  plates  of  double  the  standard  size, 
and  the  amount  of  force  which  circulates  is  determined  by  the 
least  efficient  pair. 

Leaving  one  pair  of  cells  thus  connected,  if  the  others  be 
disunited  and  recombined  with  it  in  single  series;  the  efiect 
will  be  that  of  a plate  of  double  size,  interposed  in  a compound 
circuit  with  eight  single.  The  gas  collected  in  each  of  these 
jars  of  the  double  cell,  will  be  exactly  half  of  that  in  the  seA^eral 
jars  of  the  single  cells ; proving  that  the  double  plate  is  reduced 
in  efficiency  to  the  exact  standard  of  the  single  plates  by  its 
combination  with  them  (132). 

§ 738.  In  these  arrangements  every  cell  is  a generating 
cell,  and  adds  something  to  the  quantity  or  intensity  of  the 
circulating  force ; and  we  see  that  unequal  quantities  cannot  be 
generated  and  circulate  in  different  parts  of  the  same  circuit. 
The  effects  of  various  retarding  or  opposing  cells  may  he 
strikingly  exemplified  by  the  same  apparatus.  For  this  purpose 
the  cells  may  be  connected  together  in  single  series,  substituting 

(132)  A single  cell  of  this 
dissected  battery  'is  here  repre- 
sented. V Av  X z z Y,  is  a glass 
cell,  resting  by  its  Avide  rim  in  a 
circular  hole  in  the  stand  c n.  ij 
is  a zinc  plate,  connected  by  a 
Avire  passing  through  the  stopper 
abed,  AA'itli  the  mercury  cup,  o, 
on  either  side  of  Avhich  is  a pla- 
tinum plate,  both  of  Avhich  ter- 
minate by  AA’ires  in  the  mercury 
cup,  p.  Either  of  these  may  be 
used  singly  by  removing  the  other. 
The  different  connections  of  the 
plates  Avith  the  associated  cells, 
may  easily  be  made  by  Avires  pass- 
ing betAveen  the  mercury  cups. 

The  Avhole  arrangement  of  the  ten  cells,  Avith  the  graduated  glass 
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in  one  a platinum  plate  for  the  zinc ; and  the  obstacle  which 
thus  becomes  an  exterior  resistance  will  be  found  to  react  upon 
the  whole  series ; the  action  will  be  reduced  by  more  than  one- 
third,  and  the  quantities  of  gas  collected  from  each  generating 
cell  will  be  exactly  equal  to  that  collected  from  the  retarding 
cell.  Upon  repeating  the  experiment  with  a similar  change  in 
the  next  cell,  the  quantity  of  hydrogen  in  all  the  jars  will  be 
equal,  but  reduced  to  little  more  than  one-tenth,  and  the  current 
will  be  apparently  stopped  by  three  retarding  cells  to  seven 
generating  cells. 

§ 739.  When  one  of  the  zinc  plates  is  removed  from  the 
regular  series,  and  replaced  by  a platinum  plate  which  has  been 
preAuously  coated  wuth  copper  by  the  influence  of  hydrogen 
evolved  in  a circuit,  the  phenomena  are  striking  and  instructive. 
No  gas  wiU  at  first  be  evolved  from  the  coppered  plate,  but  it 
will  oxidate,  and  the  progress  of  the  oxidation  may  be  traced  by 


jars,  is  exhibited  in  the  annexed  figure.  They  are  placed  upon  a 
stand,  a b c d ef  and  the  connexions  between  them  are  easily  made 
and  varied  by  the  mercury  cups,  i j)  k g,  &c. 
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the  gradual  blackening  of  its  surface.  The  oxide,  again,  will  be 
gradually  dissolved,  and  the  bright  white  surface  of  the  platinum 
will  make  its  appearance,  and  oxygen  gas  will  begin  to  rise  from 
it.  At  that  moment  the  current  will  receive  a check,  which 
will  be  appreciable  in  all  the  air  jars. 

§ 740.  This  mode  of  measuring  the  amount  of  current 
affinity  by  its  chemical  effects,  has  been  applied  in  the  con- 
struction of  instruments,  to  which  the  name  of  voltameter  has 
been  given.  They  consist,  in  fact,  of  an  independent  closed 
cell,  with  two  platinum  plates,  from  which  the  gas  may  be 
conveniently  collected  and  measured  with  great  accuracy.  They 
may  be  readily  included  in  any  circuit,  and,  although  they  check 
the  current  in  all  its  parts,  they  accurately  measure  the  amount 
which  passes  through  them  (133). 

§ 741.  When  a voltameter  is  substituted  for  one  of  the 
ten  cells,  and  the  nine  have  a portion  of  nitric  acid  added  to 
their  charge,  the  quantity  of  hydrogen  evolved  from  their  con- 
ducting plates  is  greatly  diminished,  and  becomes  irregular; 


(133)  A convenient  form  of  the  voltameter  is 
here  represented,  a is  a straight  glass  tube,  closed  at 
the  upper  extremity,  and  graduated  into  cubic  inches 
and  fractional  parts.  The  platinum  wires,  terminating 
in  two  platinum  plates  within  the  tube,  are  fused  into 
its  substance,  and  the  tube  is  fitted  by  grinding  into 
one  mouth  of  a double-necked  bottle,  half  filled  with 
dilute  sulphuric  acid.  The  tube  is  filled  by  inverting 
the  bottle,  and  when  the  current  passes  between  the 
plates,  the  evolved  gases  collect  in  the  upper  part  of 
the  tube,  and  displace  the  dilute  acid,  the  stopper  c 
being  left  open.  When  the  tube  has  been  filled  with 
the  disengaged  gases,  the  tube  may  be  refilled  wuth 
the  liquid  by  replacing  the  stopper,  and  again  inverting 
the  bottle. 


Another  form  of  the  Voltameter 
is  here  depicted.  The  gases,  as  they 
are  disengaged  within  the  tube,  filled 
with  the  dilute  acid,  pass  by  the  bent 
tube  b under  the  edge  of  a graduated 
jar  placed  upon  the  shelf  of  the  water 
bath. 
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but  the  quantity  of  hydrogen  indicated  by  the  instrument  is 
nearly  treble  that  of  the  cells  with  their  original  charge. 

§ 742.  By  observations  made  in  this  manner,  it  will  be 
soon  found  that  the  action  of  such  a compound  circuit  is  not 
constant ; and  that  it  will  gradually  decline  by  a quantity  which 
will  be  quite  appreciable  at  intervals  of  five  minutes.  By 
breaking  the  connexion  for  a short  period,  its  energy  will  be 
partially  recovered,  but  will  again  decline  as  the  action  is 
renewed.  Upon  allowing  the  charge  nearly  to  exhaust  itself,  it 
will  be  seen  that  the  platinum  plates  have  become  incrusted 
with  metallic  zinc,  originating  either  from  the  oxide  of  zinc 
formed  at  the  generating  plates,  and  reduced  by  adhering 
hydrogen  at  the  conducting  plates,  or  from  the  decomposition 
by  the  current  of  the  sulphate  of  zinc  formed,  and  the  direct 
transfer  of  the  zinc  to  the  same  plate.  Its  varying  quantity 
and  accumxilation  are  amply  sufficient  to  account  for  the  varia- 
tion and  ultimate  annihilation  of  the  circulating  force ; for  zinc 
thus  becomes  opposed  to  zinc,  and  the  circuit  is  destroyed. 
The  momentary  breaking  of  the  connexion  allows  the  acid  to 
dissolve  off  the  zinc,  which  being  in  contact  with  the  platinum 
is  most  favourably  disposed  for  this  local  action,  and  upon 
restoring  it,  the  circulation  returns  to  its  first  amount,  but 
again  speedily  declines  from  the  same  cause. 

§ 743.  The  apparatus,  whose  different  arrangements  we 
have  thus  examined,  is,  in  fact,  a particular  form  of  the  voltaic 
battery,  that  splendid  instrument  of  experimental  research  which 
so  justly  perpetuates  the  name  of  Professor  Volta,  of  Pavia  (134). 
He  was  led  to  this  grand  discovery  by  a series  of  experiments, 
which  he  undertook,  to  prove  that  the  agent  in  GalvanPs 


(134)  The  original  voltaic  pile  was  composed  of 
silver  coins  and  zinc  discs  of  the  same  size,  piled  up  in 
the  manner  here  shown,  with  paper  moistened  with  a 
saline  solution,  or  a dilute  acid,  placed  between  each 
pair.  When  the  fingers  of  one  hand,  well  moistened 
with  salt  and  water,  are  placed  in  contact  with  c,  and 
the  fingers  of  the  other  hand,  with  p,  a slight  shock 
IS  felt,  and  a spark  may  be  perceived  upon  making 
contact  between  the  two  extremities  with  a wire  or 
piece  of  charcoal. 
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experiments  is  common  electricity,  which  he  endeavoured  to 
accumulate  by  a multiplication  of  his  simple  circuit. 

§ 744.  Its  first  form  was  that  of  a pile,  in  which  pairs  of 
zinc  and  silver  discs  were  placed  one  above  another,  each  pair 
being  separated  from  the  adjoining  by  pieces  of  cloth,  rather 
smaller  than  the  plates,  moistened  with  a solution  of  common 
salt. 

Great  care  was  taken  to  preserve  a regular  order  in  the 
position  of  the  metals;  so  that  if  the  zinc  were  placed  below  the 
silver,  in  the  first  pair,  the  same  order  should  be  preserved  in 
the  others.  Another  form,  which  Volta  denominated  “the 
Crown  of  Cups,”  consisted  in  a row  of  small  glasses,  arranged 
in  a circle,  containing  dilute  sulphuric  acid,  or  a solution  of 
salt,  in  each  of  which  was  placed  a plate  or  wire  of  silver  or 
copper,  and  one  of  zinc,  not  touching  each  other,  but  so  con- 
nected that  the  zinc  of  the  first  was  in  contact  with  the  silver  of 
the  second,  and  the  zinc  of  the  second  with  the  silver  of  the 
third,  and  so  on  throughout  the'  series  (135).  In  this  arrange- 
ment it  could  be  seen  that  no  current  action  took  place  till  the 
extreme  wires  were  brought  into  contact.  Various  other  forms 
were  gradually  introduced  by  Cruickshank,  Babington,  and 
Wollaston,  as  experience  suggested  improvements;  the  common 
principles  of  which  are  all  explained  by  the  different  arrange- 
ments which  we  have  described  of  the  Dissected  Battery  (136). 


(135)  Volta’s  “Couronne  des  Tasses”  is  here  depicted.  Wires  of 
silver  and  zinc,  s and  z,  are  soldered  together  in  pairs,  and  alternately 
placed  in  the  glasses  containing  dilute  acid.  No  action  takes  place 
till  the  extreme  wires  s and  z are  brought  into  communication  by 
means  of  a metallic  wire,  when  each  silver  wire  is  seen  to  evolve 
hydrogen. 


(136)  The  inconvenience  of  the  original  construction  of  the  pile  ' 
was  in  some  degree  obviated  by  Mr.  Cruickshank,  who  cemented  the  > 
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§ 745.  The  liquid  employed  in  the  voltaic  batteries,  when 
it  has  been  desired  to  excite  them  to  the  utmost,  has  generally 


pairs  of  plates  into  a well-seasoned  wooden  trough,  as  in  fig.  1 . The 
intervening  spaces  were  filled  with  the  proper  liquid  for  exciting 
the  hatteiy. 


The  arrangement  was  still  further  improved  by  Dr.  Babingtoii, 
who  soldered  the  plates  of  copper  and  zinc  together  in  pairs  by  one 
point  only,  and  fixed  them  upon  a rod  of  Avood,  by  which  they  could 
be  lifted  together,  in  convenient  numbers,  into  or  out  of  a trough  of 
earthenware,  divided  by  partitions  into  cells  for  their  reception  (fig.  2). 
The  fluid  may  thus  be  allowed  to  remain  in  the  trough,  Avhile  the 
action  may  at  any  time  be  suspended  by  raising  the  plates  from  the 
cells,  and  placing  them  upon  rods  fixed  for  their  support. 

The  improvement  of  Dr.  AVollaston  consisted  in  extending  the 
copper  plate  so  as  to  oppose  it  to  both  surfaces  of  the  zinc,  as  shown 
in  fig.  3.  A represents  the  bar  of  Avood  to  AA'hich  the  plates  are 

Fig.  3. 


scrcAved ; n n n the  zinc  plates,  connected,  as  before,  Avitb  the  copper 
1 plates  c c,  Avbich  are  doubled  over  the  zinc  plates.  Contact  ot  tlic 

I surfaces  is  prevented  by  pieces  of  Avood  or  cork  placed  between  them. 
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been  a mixture  of  sulphuric  and  nitric  acids  diluted  witli  water; 
in  which  case  much  local  action  takes  place  upon  the  zinc 
plates,  which  contributes  nothing  to  the  force  which  circulates, 
and  which  rapidly  destroys  them.  Their  power,  moreover, 
speedily  declines  by  the  zinc  which  forms  upon  the  copper 
plates,  and  they  are  very  inconstant  in  their  action. 

These  defects  ai*e  obviated  in  the  construction  of  the  constant 
battery,  the  contrivance  of  the  author,  which  consists  of  a series 
of  single  circuits  constructed  upon  the  principle  of  a central  dis- 
position of  the  active  metal  with  regard  to  the  conducting 
surface,  as  formerly  explained  (§  705,  &c.) 

A cell  of  this  battery  consists  of  a cylinder  of  copper  85 
inches  in  diameter,  which  experience  has  proved  to  afford  the 
most  advantageous  distance  between  the  generating  and  con- 
ducting surfaces,  but  which  may  vary  in  height  according  to  the 
power  which  it  is  wished  to  obtain.  A membranous  tube, 
formed  of  the  gullet  of  an  ox,  is  hung  in  the  centre  by  a collar 
and  circular  copper  plate  resting  upon  a rim  placed  near  the 
top  of  the  cylinder;  and  in  this  is  suspended,  by  a v'ooden  cross 
bar,  a cylindrical  rod  of  amalgamated  zinc  half  an  inch  in 
diameter.  The  cell  is  charged  with  a mixture  of  8 parts  of 
water  and  1 of  oil  of  vitriol  which  has  been  saturated  with 
sulphate  of  copper;  and  portions  of  the  solid  salt  are  placed 
upon  the  upper  copper  plate,  which  is  perforated  like  a colander 
for  the  purpose  of  keeping  the  solution  always  in  a state  of 
saturation.  The  internal  tube  is  filled  with  the  same  acid 
mixture  without  the  copper.  A tube  of  porous  earthenware 
may  be  substituted  for  the  membrane  with  great  convenience, 
but  probably  with  some  little  loss  of  power.  A number  of  such 
cells  admit  of  being  connected  together  very  readily  into  a 
compound  circuit,  and  will  contain  a perfectly  equal  and  steady 
current  for  many  hours  together,  with  a power  far  beyond  that 
which  can  be  produced  by  any  other  arrangement  of  a similar 
quantity  of  the  same  metals. 

The  surface  of  the  conducting  metal  is  thus  perpetually 
renewed  by  the  deposition  of  pure  copper,  and  the  counter- 
action of  zinc  or  any  other  precipitated  metal  effectually  pre- 
vented. The  minor  affinity  of  the  copper  for  the  acid,  however, 
still  remains,  and  such  an  opposition  could  only  be  effectually 
avoided  by  the  employment  of  platinum  plates,  perpetually 
renewed  by  the  decomposition  in  the  circuit  of  chloride  of 
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platinum;  such  an  arrangement  would  be  perfect,  but  too  costly 
for  ordinary  ajoplications  (136). 

§ 746.  A more  powerful  combination  upon  the  same 
principles,  though  not  so  constant  in  its  working,  or  conveni- 
ently applicable  to  such  extensive  practical  operations  as  that  of 
the  constant  battery,  has  been  contrived  by  Professor  Grove, 
who  makes  use  of  conducting  plates  of  platinum  foil  immersed 
in  strong  nitric  acid  separated  from  the  dilute  sulphuric  acid. 


(136)  One  of  the  cells  of  the  constant  battery  is  here  represented. 
a b c d is  a copper  cylinder,  in  which  is  placed  a smaller  cylinder  of 
porous  earthenware.  Upon  the  upper  part  of 
the  copper  cylinder  rests  a perforated  colander, 
i k,  thi'ough  w'hich  the  earthenware  cylinder 
passes.  / is  a cast  rod  of  amalgamated  zinc, 
resting  upon  the  top  of  the  interior  cylinder  by  a 
cross  piece  of  Avood,  and  forming  the  axis  of  the 
arrangement.  The  cell  is  charged  by  pouring 
into  the  earthenAvare  cylinder  AA'ater  acidulated 
Avith  one-eighth  part  of  its  bulk  of  oil  of  vitriol, 
the  space  betAveen  the  earthenware  tube  and  the 
copper  being  filled  Avith  the  same  acidulated 
AA'ater  saturated  Avith  sulphate  of  copper;  and 
solid  sulphate  of  copper  being  placed  in  the 
colander. 

A number  of  such  cells  may  be  connected  into  a compound  circuit, 
by  Avires  attached  to  the  copper  cylinders,  and  fastened  to  the  zinc  by 
clamps  and  screws,  as  shoAvn  beloAv. 
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in  which  the  zinc  is  plunged  by  a diaphragm  of  porous  earthen- 
ware. The  conducting  power  of  the  liquid  portion  of  the  com- 
bination is  of  the  most  perfect  kind,  and  the  hydrogen  whidi 
travels  in  the  circuit  is  immediately  absorbed  by  the  acid  upon 
the  conducting  plate,  and  reacting  upon  it,  decomposes  it  with 
the  evolution  of  copious  fumes  of  nitrous  gas.  It  has  been 
already  seen  (§  732)  that  a single  cell  of  this  construction  is 
capable  of  overcoming  the  exterior  resistance  of  a voltameter, 
and  a very  efficient  series  may  thus  be  made  with  the  bowls 
of  tobacco-pipes  and  corresponding  small  pieces  of  platinum 
foil. 


§ 747*  We  have  noticed  that  heat  generally  increases 
the  affinity  of  substances  for  each  other,  as  manifested  in  their 
local  action  (§  654);  it  has  an  analogous  influence  upon  affi- 
nity in  its  current  state.  When  a constant  battery  of  9 cells, 
which  was  capable  of  decomposing  water  at  the  rate  of  7 >5 
cubic  inches  of  the  mixed  gases  per  5 minntes,  was  inclosed  in 
a case  to  which  steam  could  be  admitted,  the  rate  of  working 
gradually  increased  with  the  temperature,  till  at  212°  it  was 
very  nearly  trebled.  The  greater  part  of  this  increased  effect  is 
due  to  the  increased  energy  of  the  affinity,  and  not  to  that  of 
the  conducting  power  only;  for  when  a voltameter,  whose  tem- 
perature was  raised  to  212°,  was  included  in  the  cold  circuit, 
the  action  was  only  increased  from  6.5  cubic  inches  to  7-5  cul)ic 
inches;  whereas,  when  a cold  cell  was  included  in  a series 
heated  to  212°,  the  effect  fell  from  20.5  cubic  inches  to  9.5 
cubic  inches. 

Changes  of  atmospheric  temperature  even  have  a marked 
influence  upon  the  working  of  the  voltaic  battery,  and  must  not 
be  neglected  in  nice  comparative  experiments. 

§ 748.  How  much  is  dependent  upon  the  force  of  affinity 
in  the  generating  metal  for  one  of  the  elements  of  the  liquid 
compound,  is  strikingly  shown  by  contrasting  zinc  rods  in  tlie 
cells  with  copper,  or  even  brass.  In  a battery  of  5 cells  working 
at  the  rate  of  5.2  cubic  inches  of  mixed  gases  per  5 minutes, 
one  copper  rod  was  substituted  for  a zinc ; the  whole  of  the 
oxygen  was  absorbed  by  the  copper,  but  the  rate  of  working 
was  reduced  to  2.4  cubic  inches  in  the  same  interval.  A second 
copper  was  placed  in  the  room  of  a second  zinc,  and  the  rate 
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declined  to  0.6  cubic  inches;  with  a third,  it  fell  to  0.04;  and 
with  four  copper  there  was  no  longer  any  perceptible  decom- 
position in  the  voltameter,  but  the  needle  of  a galvanometer 
was  deflected  55°.  When  all  the  zinc  rods  were  thus  gradually 
replaced  by  copper,  the  needle  was  still  defleeted  25°. 

§ 749.  Before  we  proceed  with  the  experimental  inves- 
tigation of  our  subject,  let  us  pause  a moment  to  observe  how 
beautifully  and  simply  the  formula  of  Professor  Ohm  may  be 
made  to  include  and  represent  all  the  varying  circumstances  of 
current  affinity  and  resistances  which  arise  from  the  different 
combinations  which  we  have  examined:  and  how  it  indicates 
new  conditions  of  the  problems  to  be  solved,  and  suggests  new 
experiments  to  test  their  correctness.  In  making  our  com- 
parison between  the  experimental  and  calculated  results,  we 
will  take  as  our  standard  of  comparison,  one  of  the  cylindri- 
cal cells  of  the  constant  battery  just  described,  of  3|  inches 
in  diameter  and  6 inches  in  height,  charged  with  dilute  sulphu- 
ric acid  and  sulphate  of  copper,  and  the  circuit  closed  by  a 
short  thick  wire  of  copper,  by  which  the  exterior  resistance  r is 
virtually  reduced  to  nothing. 

It  has  been  experimentally  found  that  the  amalgamated  zinc 
rod  forming  the  generating  element  of  the  arrangement  when 
weighed  at  intervals  of  five  minutes,  loses  11.26  grains  for  every 
such  inten'^al.  This  is  a measure  of  the  effective  force  of  the 
circuit;  and  its  equivalent  in  mixed  oxygen  and  hydrogen  gases, 
as  given  off  by  the  decomposition  of  the  dilute  acid,  is  25  cubic 

E 

inches.  This  may  be  taken  as  the  unit  of  work  or  =1,  and 

Xv 

it  is  evident  that  there  being  no  external  resistance,  it  is  the 
maximum  of  work  that  such  a combination  is  capable  of  per- 
forming. Now,  having  a number  of  such  cells,  all  of  course 
capable  of  performing  the  same  amount  of  work  in  the  same 
time,  let  us  calculate  the  effects  which  may  be  produced  by 
combining  them  together  in  different  manners,  and  take  n to 
represent  the  number  in  the  formula. 

§ 750.  In  the  first  place,  l)y  making  a sufficient  metallic 
communication  between  all  the  copper  cells,  and  anotlier 
between  all  the  zinc  rods,  we  make  an  arrangement  equivalent 
to  multiplying  the  area  of  the  section  of  the  electrolyte  by  the 
number,  as  by  proportionately  increasing  the  size  of  the  plates. 


508 


OHM'S  FORMULA. 


and  we  decrease  the  internal  resistance  in  the  same  proportion, 
thus  our  formula  becomes, 

E H E 

E = -eT  = 

n 

The  exterior  resistance,  r,  of  the  connecting  wires  being  still 
taken  as  inappreciable,  the  quantity  of  force  which  would  circu- 
late through  a sufficient  conductor  would  be  n times  as  great  as 
that  in  a single  cell,  and  might  be  measured  either  by  its 
heating  or  its  magnetic  effects ; and  n times  as  much  zinc  would 
be  consumed,  or  work  performed  in  the  cells. 

Such  an  arrangement,  however,  confers  no  increased  power 
of  overcoming  exterior  resistances,  and  any  obstacle  which 
would  be  capable  of  arresting  the  current  in  a single  ceU,  would 
arrest  it  in  any  number  so  combined. 


§ 751.  2nd.  To  Effect  this  purpose  the  efficient  force  of 
one  cell  must  be  added  to  that  of  another  in  a series,  and  the 
sum  of  all  brought  to  bear  upon  the  resistance.  Ohm’s  formula 
then  becomes 


M R -I-  r 


in  which  n represents  the  number  of  the  series.  In  this 
arrangement  we  observe,  that  if  r again  be  taken  as  nothing, 

ra  E __  E 
71  R R 

and  we  in  fact  found  ( § 734)  in  our  experiments,  that  when 
no  retarding  cell  was  introduced  into  the  series,  the  work  done 
iji  each  cell  was  no  more  in  series  than  when  working  as  a 
single  circuit. 

Now,  so  long  as  the  external  resistance  r interposed  in  the 
circuit  is  not  chemical,  whether  it  be  the  resistance  of  very  long 
wires  or  of  non-conducting  air,  the  formula  as  above  given 
accords  strictly  with  the  results  of  experiment  j and  by  doubling 
the  number  of  cells,  at  the  same  time  that  we  double  the 
efficient  surface  (or  the  area  of  the  section)  in  each  cell,  we 
obtain  an  effect  exactly  double:  thus  by  the  formula — 


2 


2 71  E 

2 7i  R 7’ 


2 77  E 
?i  R -1-  r 


since  in  doubling  the  surface,  cceleris  parihis,  we  halve  the 
resistance. 
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§ 752.  3rd.  When,  however,  a voltameter,  or  other  che- 
mical resistance  is  interposed  in  a circuit,  the  formula  will  not 
hold,  unless  an  opposite  force  of  affinity  he  taken  into  con- 
sideration, which  arises  from  the  decomposition  of  the  active 
liquid,  and  consequent  accumulation  of  the  disengaged  elements 
upon  the  plates  of  the  decomposing  cell*.  This  is  of  the  same 
nature  as  the  contrary  force  in  the  cell  itself,  which  has  been 
already  pointed  out  (§  721)  and  designated  by  e'  in  the  formula 
E = (B  — A — e') . Assuming  this  contrary  affinity  to  be  constant,  it 
may  be  represented  bye,  and  introduced  into  the  formula  thus; — 


R -4-  r 


and  tables  might  be  calculated  from  it  which  would  represent 
approximatively,  the  quantity  of  decomposition  for  any  number 
of  cells  of  a given  battery ; while  the  results  obtained  by  regard- 
ing the  voltameter  merely  as  a resistance  would  be  widely  at 
variance  with  truth.  Professor  Wheatstone  devised  a veiy 
simple  means  to  determine,  on  this  supposition,  the  values  of 
this  contrary  affinity,  and  of  the  added  resistance,  including 
that  of  the  voltameter^Svithout  having  recourse  to  any  other 
measuring  instrument  than  the  voltameter  itself.  It  consists  in 
comparing  two  experiments  in  which  the  resistances  remain  the 
same,  while  the  sum  of  the  efficient  forces  alone  vary.  It  is 
obvious  that  if  there  existed  no  contrary  force  of  affinity,  the 
measured  effect  in  the  two  cases  should  be  simply  as  the 
number  of  the  cells  in  the  series  employed.  A battery  of  five 
single  cells  should  have  half  the  power  of  a battery  of  ten  double 
cells : but  instead  of  this  the  effects  measured  by  the  volta- 
meter are  as  6 : 20 ; therefore 

10  E e 5 E ^ : 20  : 6;  whence  e z=.  2.857 


^R  + »• 
2 


5R  - 


The  value  of  r in  the  formula,  i.e.,  the  resistance  which  the 
voltameter  and  connecting  wires  add  to  the  circuit,  may  be 
ascertained  in  an  analogous  manner:  for  taking  two  similar 
batteries,  one  single  and  the  other  double,  of  ten  cells  each,  the 
sums  of  the  active  forces  will  remain  the  same,  while  the  interior 
resistances  only  will  vary.  The  experimental  results  of  the  first 
were  12.5,  and  of  the  second  20,  so  that 


lOE  - e _ lOE  - e 
lOR  + r ' 10  R -p  r 


12.5  : 20 


2 

* Philosophical  Transactions  for  1842,  p.  26’!>. 
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whence  r = 3.333  R 

Substituting  the  values  thus  found  in  the  general  formula 

w E — e 
n R + r 

we  obtain  the  following  comparison  of  the  results  of  the  calcu- 
lation with  those  of  actual  experiment: — 

Number  of  cells  3 4 510  15  20 

^ 0 J5H  17H  cubic  inches. 

'^““erTed  I U 6 12J  ISf  17i  cubic  inches. 

The  existence  of  such  a contrary  force  of  affinity  as  has  here 
been  supposed,  and  its  great  energy,  are  amply  attested  by 
connecting  the  platinum  plates  of  a voltameter  which  has  been 
some  time  in  action,  with  a galvanometer,  when  a deviation  will 
be  obtained  indicating  a strong  current  in  an  opposite  direction 
to  that  of  the  original  current  which  it  had  been  the  means  of 
conducting. 

§ 753.  4th.  To  show  the  general  agreement  of  the 
modified  formula  with  the  results  of  various  and  most  tr^fing 
combinations  of  the  cells  which  we  have  taken  as  our  standard 
of  comparison  (§  749),  we  will  now  take  the  results  of  a 
series  of  experiments  which  were  made  for  the  purpose,  and 
compare  them  with  the  results  of  calculation  in  a table : 

e was  found  to  be  by  experiment  — 2.49  E 
r by  a mean  of  several  experiments  = 0.541  R 

If  unity  be  taken  to  represent  the  maximum  work  that  any 
single  circuit  can  produce,  (which  we  found  to  be  equal  to  25 
cubic  inches  of  mixed  gases  per  5 minutes,)  then  E will  be  repre- 
sented by  1,  and  R also  by  1,  and 


It  is  evident  that  in  an  effective  circuit  the  resistance  can 
never  be  equal  to  tlie  electromotive  force,  R can  never  equal  E, 
but  for  the  convenience  of  calculation  it  may  be  assumed  to  be 
so ; and  as  all  the  quantities  in  the  numerator  of  the  fraction 
are  compared  with  E,  and  all  in  the  denominator  wdth  R,  the 
relative  proportions  w’ill  l)e  exact. 
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Taking  then  the  formula 

M E — e 
R + r 


if  E = 1 and  R = l,  then  e — 2A9  and  0.541  ; and  substi- 
tuting different  numerical  values  for  we  ol^tain 


Calculat. 

Experiin. 

Cub.  In. 

Cub.  In. 

'or  4 single  cells 

4 - 2.49 

1.51 

= 0.3.325  = 8.31 

7-5 

4 + 0.541 

~ 4.541 

4 double  cells 

4 - 2.49 

1.51 

= 0.5942  14.85 

13-7 

— + 0.541 
2 

~ 2.541 

4 treble  cells 

4 - 2.49 

_1.51 

= 0.8071  = 20.17 

21 

J + 0.641 
3 

1.871 

4 quadruple  cells 

4 - 2.49 

_1.51 

= 0.9799  = 24.5 

25-5 

-i  + 0.541 
4 

1.541 

4 quintuple  cells 

4 - 2.49 

— + 0.541 

5 

_1.51 

“iTsIi 

= 1.126  = 28.15 

30 

5 single  cells 

5 - 2.49 

— 2.51 

— 0.453  — 11.33 

11-25 

5 -1-  0.641 

5.541 

5 double  cells 

5 - 2.49 

_2.51 

= 0.8254  = 20.63 

20-5 

— + 0.541 
2 

3.041 

5 treble  cells 

5 - 2.49 

_2.51 

= 1.137  = 28.42 

28-7 

— + 0.541 
3 

2.208 

5 quadruple  cells 

5 - 2.49 

_2.51 

= 1.401  = 35.04 

35-2 

~ + 0.541 
4 

~ 1.791 

10  single  cells 

10  - 2.49 

_ 7.51 

= 0.7124  = 17.81 

15-7 

10  + 0.541' 

“10.541 

10  double  cells 

10  - 2.49 

_ 7.51 

= 1.355  = 33.88 

33-7 

H + 0.541 
2 

5.541 

15  single  cells 

15  - 2.49 

12.51 

= 0.8117  = 20.29 

18-7 

15  + 0.541 

15.541 

20  single  cells 

20  - 2.49 

17.51 

= 0.8524  = 21.31 

22. 

20  + 0.641 

20.541 

The  agreement  of  the  calculated  and  experimental  results 
under  such  complicated  circumstances,  as  shown  in  the  last  two 
columns  of  the  preceding  table,  must  be  deemed  very  satisfac- 
tory ; and  it  is  worthy  of  remark,  that  the  result  of  tlie  indepen- 
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dent  experiment  with  the  single  cell,  25  cubic  inches,  is  almost 
identical  with  that  deduced  from  the  experimental  determination 
of  five  cells;  taking  11.25  cubic  inches  to  represent  accurately 
the  fraction  0’453 : and  indeed  it  agrees  very  closely  with  the 
calculated  results  of  the  above  table  whatever  combination  be 
taken  as  the  foundation  of  the  experiment. 


§ 754.  5th.  The  influence  of  the  dimensions  of  the  plates 
of  a voltameter  wiU  determine,  of  course,  the  area  of  the  section 
of  the  liquid  which  it  contains;  and  consequently  its  resistance 
upon  the  amount  of  decomposition,  may  also  be  submitted  to 
calculation  in  the  same  way.  This  influence  wiU,  of  course,  be 
most  perceptible  when  a small  number  of  elements  presenting 
a large  surface  is  employed ; whereas,  when  a numerous  series 
is  made  use  of,  the  dimensions  of  the  electrodes  are  of  little 
consequence : the  number  being  able  to  overcome  the  resistance 
of  the  small  plates.  Some  experiments  which  were  made  with 
a large  voltameter,  kindly  lent  to  the  author  for  the  purpose  by 
Mr.  Gassiot,  will  place  this  in  a striking  point  of  view.  The 
voltameter  consisted  of  five  pairs  of  platinum  plates,  each  four 
inches  by  3|-  inches,  at  an  average  distance  of  half  an  inch 
apart.  These  were  so  arranged  that  any  number  of  them  might 
at  pleasure  be  connected  with  a battery. 

20  cells  of  the  battery  were  so  arranged  as  to  form  a series 
of  5 quadruple  cells,  and  then  connected  with  one  pair  of  plates 
of  the  voltameter.  By  a mean  of  two  experiments  they  gave 
26'2  cubic  inches  of  gases  for  five  minutes. 

When  all  the  plates  of  the  voltameter  were  connected  -with 
the  battery,  the  product  of  gases  for  five  minutes  was  32  cubic 
inches. 

The  same  battery  arranged  to  form  a series  of  20  single 
cells,  furnished  with  one  pair,  of  plates  16  cubic  inches,  and 
with  all  the  plates  the  result  was  the  same. 

Now  by  experiment,  if  E = 1,  e = 2.49,  R = 1,  r = resist- 
ance with  one  pair. 


(1.)  20  with  one  pair  = 
.)|20  wl 


(2 


rith  five  pairs  = 


20  - 2,49  _ 17.51 
20  + r 20 -pr 

20  - 2.49  = 17.51 

20  -f-  ^ 20  + H 

^ 5 


= 16. 


= 16. 
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(3.)  5 quadruple  with  one  pair  = - 


5-2.49  2.51 


+ 


r 

ti  % 


(4.) 


5 quadruple  with  five  pairs  = 


4 

5-2.49 

5 + r 

4 5 


1.25  + r 
2.51 

1.25  + r 
5 


= 2G.2. 


= 32. 


Since  the  electromotive  forces  in  the  two  last  expressions  are 
the  same,  we  can,  Ijy  comparing  them,  ascertain  the  value  of  r. 
Thus : — 


1.25  + ?• 


1.25  + i 
5 


32  : 26.2 


18.125 

52.4 


i nearly. 


Now  suljstituting  tliis  value  of  r in  the  expressions  (1.)  and  (2.), 
and  adopting  the  experimental  result  of  1 6 cubic  inches,  we 
obtain  for  Calculation. 

(1.)  the  fraction  — 16,2 

20.33 

(2.)  the  fraction  ^ = 16.0 

20.06 

The  calculated  results  it  will  be  seen  almost  coincide  with  each 
other,  as  do  the  experiments. 

By  the  substitution  of  different  values  for  R and  7*  in  the 
formula,  it  will  be  found  that  every  different  arrangement  must 
have  a distinct  number  in  series,  which  it  will  be  most  advan- 
tageous to  work  with,  and  this  number  will  vary  in  the  same 
arrangement,  with  the  nature  of  the  electrolyte,  and  also  with 
the  size  of  the  battery  plates.  It  will  appear  from  calcula- 
tion, that  the  most  advantageous  combination  is  that  in  which 

the  value  of  A fin  the  formula  most  nearly 

V - 77  R + r / 

approaches  to  0’5.  It  will  therefore  vary  even  in  batteries  of 

the  same  chemical  construction ; increasing  as  R diminishes  in 

proportion  to  r.  Or  in  other  words,  when  the  plates  are  large, 

a more  numerous  series  is  required,  than  when  small,  to  produce 

the  most  advantageous  results.  This  is  likewise  the  case  when 

the  exterior  resistance  is  increased  : in  both  cases  R is  virtually 

diminished  in  respect  to  r. 

The  resistances  of  reversed  cells  in  a serias,  and  in  general 
all  possible  combinations  of  active  forces,  direct  and  opposite, 
with  various  resistances,  may  be  submitted  to  calculation  in  the 

2 t, 
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same  manner  with  a precision  and  simplicity  wliich  leaves  little 
to  be  desired  in  this  branch  of  our  subject,  but  our  limits  will 
not  admit  of  our  doing  more  than  thus  indicating  the  method 
by  which  the  phenomena  of  circulating  affinity  have  been 
brought  under  the  powerful  dominion  of  the  mathematics. 

It  has  been  already  observed  that  the  position  of  the  ball 
within  the  sphere  was  immaterial  to  the  effects,  and  it  is  obvious 
that  wherever  placed  within  a sphere  or  cylinder,  the  mean 
distances  of  the  metals,  and  consequently  the  mean  section  of 
the  interposed  liquid,  must  be  the  same. 

A zinc  rod  of  half  an  inch  in  diameter,  placed  in  the  axis  of 
a copper  cjdinder  3-^  inches  diameter,  produces  a certain  effect, 
which  is  scarcely  augmented  in  an  appreciable  degree  by  a 
second,  or  even  a third  similar  rod  placed  in  contact  with  it : 
the  results  of  experiment  were  as  follows  : — 


Each  rod  separately  would  liaA'^e  been  capable,  in  its  position,  of 
producing  the  full  effect  of  one ; but  each  was  screened  by  the 
two  others  from  the  full  aspect  of  the  conducting  cylinder,  and 
but  a slight  advantage  was  gained  from  the  combination  by  a 
slight  increase  of  the  section  of  the  liquid,  uncompensated  by 
any  increase  of  a distance. 

§ 755.  It  may  be  anticipated,  that  if  each  rod  were  re- 
moved as  nearly  as  possible  to  the  sides  of  the  cylinder,  so  as  to 
be  equidistant  from  the  other  two,  the  screening  influence  could 
not  take  place  to  the  same  extent,  and  that  a greatly-increased 
effect  would  be  produced  (137). 

Upon  making  the  experiment  with  the  rods  and  cylinder  of 
the  last  experiment,  the  result  was  increased  to  3*1. 

(137)  A glance  at  the  annexed  diagram  will  explain  the  differ- 
ence of  the  two  arrangements;  fig.  1 representing  a section  of  the 
first,  and  fig.  2 of  the  second. 


1 rod  = 2.2 

2 rods  = 2.4 

3 rods  = 2.5 


Fig.  1. 


Fig.  2. 
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§ 756.  The  law  of  the  exact  compensation  of  the  greater 
resistance  of  the  increased  depth  of  the  electrolyte,  by  the 
extension  of  the  area  of  its  mean  section,  is  of  course  only 
mathematically  correct  where  the  interior  wire  is  indefinitely 
small,  but  practically,  half-inch  rods  bear  so  small  a proportion 
to  cylinders  of  3|  inches  diameter,  that  the  results  are  not 
materially  affected  by  their  dimensions.  When,  however,  the 
interior  cylinders  are  enlarged,  the  depth  of  the  liquid  is 
decreased,  and  the  area  of  its  section  increased  at  the  same 
time,  and  the  circulating  force  rapidly  augments  (138).  The 
results  are  easily  submitted  to  calculation. 


§ 757*  In  the  preceding  observations  the  cylinders  and 
the  rods  have  been  taken  of  equal  heights ; when  one  is  shorter 
than  the  other,  it  vdU  be  obvious,  from  a little  consideration, 
that  the  decrease  of  length  is  equivalent  to  an  increase  of 
distance  below  the  two. 


In  some  experiments  which  were  carefully  made  with  the 
Breguefs  thermometer,  an  amalgamated  zinc  rod  was  succes- 
sively’^ immersed  in  the  acid  in  a copper  cylinder  3|  inches  high 
to  the  following  depths,  and  with  the  results  set  down  in  the 
table. 


Length  of  Zinc. 

Degrees  of  Then 

1 inch 

r 

^ inch 

19° 

f inch 

.35° 

1 inch 

49° 

I5  inch 

67° 

inches 

97° 

(138)  Let  c c,  fig.  3,  represent  a section  of  a copper  cylinder  four 
inches  in  diameter,  and  z an  indefinitely  small  zinc  rod  in  the  axis.  Let 
the  area  of  the  copper  plate  be  100,  the  area  of  the  mean  section  of 


c 2 ins. 
m\  s 


100  50 


Fig.  3. 
z 

v^\s 

I 

I 

I 


I 

! 

I 

I 

I 

I 

I 

0 


c 


c 1 in,  z 
m\.s 

I 

1 

I 


Fig.  4. 

z 

?«[.y 

I 

1 

I 


0 


100  75  50 


the  electrolyte  (w?  s)  will  he  “ 50.  Tlie  distance  of  c from  z,  or  the 
depth  of  the  electrolyte,  will  he  2 inches.  Let  the  rod  z he  replaced 
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In  a copper  cylinder,  twenty-one  inches  in  height,  charged 
with  dilute  sulphuric  acid  next  the  zinc,  and  sulphate  of  copper 
next  the  copper,  an  amalgamated  zinc  rod  lost  51 ’5  grains  in 
five  minutes ; a rod  of  half  the  length  lost  in  the  same  time 
26’ 1 grains.  In  a similar  cylinder,  six  inches  in  height,  charged 
in  a similar  manner,  a zinc  rod  of  equal  length  lost  12  grains; 
a rod  of  half  the  length  lost  6’6  grains  in  the  same  time.  The 
results,  therefore,  of  each  cylinder  may  be  taken  as  directly 
proportioned  to  the  lengths  of  the  rods  immersed  in  them  (139). 

§ 758.  We  have  hitherto  considered  the  force  which  is 
thrown  into  action  in  the  simple  circuit  of  Galvani,  or  the 
compound  battery  of  Volta,  as  circulating  affinity;  and  it  is 
impossible  to  doubt  that  the  causes  which  produce  the  same 
effects  of  light  and  heat,  and  of  chemical  decomposition  and 
combination,  according  to  the  laws  of  equivalent  proportions, 
all  these  effects  being  synchronous  in  their  manifestion,  are 
identical  in  their  nature,  although  they  are  separated  in  space 
in  one  case,  and  concentrated  in  a point  in  the  other.  It  would 
be  impossible,  moreover,  not  to  suspect,  from  a similarity  of 
certain  other  effects  with  those  of  electricity,  which  this  spread 
of  the  action  enables  us  to  develope,  such  as  the  shock  which  it 
is  capable  of  imparting  to  the  living  body,  the  ease  with  which 
it  passes  through  non-conductors,  and  its  insulation  by  non- 
conductors, that  these  two  forces  are  also  identical;  and  this, 
which  would  be  a highly  reasonable  hypothesis  at  the  point  to 


by  a cylinder  of  zinc  z z,  two  inches  in  diameter,  fig.  4.  The  mean 
section  will  be  increased  to  75,  and  the  depth  of  the  electrolyte  will 
be  decreased  to  1 inch. 

The  force  would,  therefore,  be  increased  in  the  proportion  of 
50  : 75  for  the  first,  and  of  1 : 2 for  the  second;  consequently, 
compounding  the  proportions,  the  force  circulating  in  the  first  arrange- 
ment would  be  to  that  in  the  second  as  1 : 3. 


(139)  Let  c c c'  c'  represent  a section  of  a 
copper  cylinder,  and  z z'  a.  zinc  rod  of  half  its 
height;  in  any  action  which  may  take  place  from 
the  point  of  the  I'od  z'  to  the  lower  half  of  the 
cylinder  c',  the  distance  between  the  metals  z'  c', 
or  virtual  depth  of  the  liquid,  being  greatly  aug- 
mented, the  influence  of  the  lower  half  will  be 
^ proportionately  diminished. 
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which  we  have  carried  our  investigation,  wall  be  converted  into 
certainty  as  we  proceed. 

§ 759.  With  this  additional  view  of  the  connexion  of  the 
phenomena,  let  us  cast  our  eye  back  upon  the  ground  which  we 
have  gone  over. 

There  can  be  no  hesitation  in  admitting  that  the  force  of 
affinity,  both  in  its  local  and  current  condition,  is  called  into 
action  by  the  contact  of  the  heterogeneous  particles  of  dissimilar 
bodies:  regarded  as  electricity,  the  charge  and  discharge  in 
the  first  case  is  limited  to  the  points  of  contact;  while  in  the 
second,  by  a new  species  of  conduction,  involving  the  decom- 
position of  a compound,  and  the  transfer  of  its  elements,  the 
charge  is  communicated  to  a distance,  and  returns  to  its  dis- 
charge by  another  path  of  appropriate  conductors.  That  one 
of  the  active  bodies  should  be  a good  conductor  of  electricity, 
and  the  other  a liquid  compound,  are  essential  conditions  of  the 
circulation:  the  first,  that  the  force  may  readily  diffuse  itself 
upon  every'  point  of  its  surface;  and  the  second,  that  the  neces- 
sary' transfer  may  take  place.  In  the  excitement  of  electricity 
by  the  friction  of  dissimilar  substances,  the^  contact  is  broken 
and  renewed,  with  successive  particles,  by  a kind  of  intermitting 
action,  and  by  the  rapid  mechanical  separation  of  the  two  bodies 
their  charge  may  be  eommunicated  to  other  bodies  in  a manner 
which  has  been  already  explained.  In  its  excitement  by 
chemical  action  fresh  particles  are  also  brought  into  contact  in 
continuous  succession,  while  those  which  are  spent  or  neu- 
tralized are  successively'  removed  in  combination  by  the  action 
of  concurring  forces. 

§ 760.  In  both  cases  the  charge  is  substained  and  com- 
municated by  induction,  or  the  polarization  of  the  particles  of 
matter,  which  must  always  precede  and  accompany  conduction. 
When  an  extensive  voltaic  series  of  some  hundreds  of  couples 
of  perfectly  clean  plates  is  simply  charged  with  distilled  water, 
(which  we  have  already  seen  is  so  bad  a conductor  of  electricity 
as  to  allow  of  a disruptive  discharge  through  it  in  the  form 
of  a spark  (§  736)j  it  is  clearly  shown  that  induetion  takes 
place  in  it  of  precisely  the  same  nature  as  that  which  arises 
from  electricity  by  friction,  for  each  extremity  will  exhibit 
a charge  of  electricity  sustained  by  the  induction  of  the  air  to 
surrounding  conductors,  and  which  may  be  manifested  by  tlie 
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visual  attractions  and  repulsions,  and  even  sparks,  by  which  we 
recognise  electricity  from  friction.  It  wiU  be  found  that,  under 
these  circumstances,  the  zinc  extremity  of  the  battery  possesses 
a vitreous,  and  the  copper  extremity  a resinous  charge. 

§ 761.  The  amount  of  this  effect  of  high  intensity  does 
not  at  all  depend  upon  the  size  of  the  plates,  but  is  propor- 
tionate to  the  number  of  alternations.  A battery  constructed  of 
pieces  of  copper  tube  fths  of  an  inch  diameter,  and  2i  inches 
long,  with  a piece  of  zinc  wire  of  -^th  of  an  inch  diameter, 
soldered  to  each,  and  turned  down  into  the  axis  of  the  next 
without  metallic  contact,  and  consisting  of  a series  of  1024,  wiU 
be  quite  equal  to  a battery  of  the  same  number  of  plates  4 
inches  square,  and  capable  of  producing  all  the  effects  which  we 
are  about  to  describe. 

A gold-leaf  electrometer,  placed  in  connexion  with  either 
end,  will  open  out  with  either  electricity,  as  has  just  been 
stated,  and  if  at  the  same  time  the  electricity  of  the  opposite 
end  be  discharged,  the  leaves  wiU  expand  still  further,  as  in  all 
analogous  cases  of  common  electric  charge.  When  the  two 
ends  are  connected  severally  with  an  insulated  slip  of  gold  leaf, 
upon  gradually  approaching  the  two  they  will  attract  each  other, 
and  a spark  will  pass  between  them.  By  moistening  the  hands, 
and  touching  the  two  extreme  cells,  a slight  shock  is  also 
experienced. 

§ 762.  These  effects  may  be  very  much  increased  by  a 
more  advantageous  arrangement  of  the  terminal  inductric  and 
inducteous  surfaces:  thus,  if  one  of  the  ends  of  the  battery  be 
connected  with  the  insulated  plate  of  a condenser,  it  will 
instantly  become  charged,  and  when  the  opposite  plate  is  with- 
drawn, the  electrometer  will  indicate  a much  higher  degree  of 
intensity.  The  charge  may  also  be  sustained  through  glass, 
and  transferred  to  the  metallic  surface  of  the  Leyden  battery. 
If  wires  proceeding  from  each  extremity  of  the  series  be  respec- 
tively connected  with  the  inner  and  outer  surface  of  an  electrical 
battery,  of  not  less  than  1 2 square  feet  of  coated  surface,  it  wiU 
be  charged  so  rapidly,  that  sparks  may  be  obtained  from  it  in 
rapid  succession  by  connecting  a fine  wire  with  its  outer  surface, 
and  successively  striking  the  knob  with  its  other  extremity. 
The  fine  point  of  a penknife,  or  thin  metallic  leaves,  may  tints 
be  burned,  phosphorus  inflamed,  and  fulminating  powders 


DE  LUC’S  COLUMN. 


51!) 


exploded.  No  such  power  is  possessed  by  tlie  voltaic  arrange- 
ment alone;  but  it  communicates  the  charge  to  the  battery  so 
instantly,  that  almost  continuous  discharges  may  be  procured. 
The  intensity  is  limited  to  that  which  is  due  to  the  number  of 
the  series,  but  the  extent  of  surface  which  may  be  thus  thrown 
into  inductric  action  is  unlimited.  When  the  human  body  is 
made  the  medium  of  communication  between  the  surfaces  of  a 
large  battery  thus  perpetually  charged,  the  rapidly  intermitting 
shock  which  is  received  is  very  unpleasant. 

§ 763.  The  polarity  of  the  voltaic  arrangement  is  also 
shown  by  breaking  the  series  at  any  part,  when  each  portion 
will  exhibit  a resinous  and  vitreous  extremity,  just  as  in  break- 
ing a magnet  each  fragment  exhibits  a north  and  south  pole. 

These  effects  are  of  course  annihilated,  by  bringing  the 
opposite  ends  of  the  series  into  metallic  communication;  but 
no  continuous  current  of  any  amount  takes  place  when  the 
circuit  is  closed,  on  account  of  the  non-conducting  power  of  the 
pure  water  which  is  everywhere  interposed.  When  the  extre- 
mities are  connected  with  platinum  wires,  dipping  into  water 
even  acidulated  with  sulphuric  acid,  no  decomposition  is  mani- 
fested, however  numerous  the  series  may  be;  but  a slight 
decomposition  is  shown  when  a solution  of  iodide  of  potassium 
is  made  the  medium  of  communication. 

§ 764.  The  electric  column  of  De  Luc  presents  these 
polar  phenomena  in  a very  striking  form.  It  consists  of  pairs 
of  very  thin  silver  and  zinc  discs  not  more  than  fths  of  an  inch 
in  diameter,  piled  up  in  regular  order,  with  the  intervention  of 
writing-paper,  to  the  number  of  some  thousands.  They  may, 
in  fact,  be  formed  of  strongly  gilt  paper  and  zinc  foil  cut  out 
with  a punch,  and  inclosed  in  a glass  tube  fitted  with  brass 
caps  at  each  end,  and  carrying  screws  by  which  they  can  be 
pressed  together.  If  the  paper  be  dried  artificially,  the  column 
will  be  inactive,  but  its  ordinary  hygrometric  moisture  will  be 
sufficient  to  throw  it  into  a strong  polar  state.  A series  of 
2000  or  3000  is  sufficient  to  affect  the  gold-leaf  electrometer, 
and  one  of  20,000  will  cause  pith-balls  of  -Jth  of  an  inch 
diameter,  suspended  by  threads  of  4 inches  long,  to  diverge  to 
the  distance  of  2 inches  and  upwards.  By  connecting  one 
extremity  of  the  series  with  a fine  iron  wire,  and  drawing  its 
point  lightly  over  the  other  extremity,  a slight  layer  of  varnish 
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being  interposed,  a series  of  minute  sparks  may  be  obtained. 
A Leyden  battery  may  also  be  charged  by  it,  so  as  to  occasion 
a disagreeable  shock  to  be  felt  distinctly  in  the  elbows  and 
shoulders. 

This  apparatus  will  retain  its  power  for  years  if  kept  in  a 
state  of  insulation,  but  loses  it  if  the  ends  are  allowed  to  be 
connected  together  for  any  length  of  time.  No  current,  how- 
ever, is  established  under  these  circumstances  which  can  l)e 
detected  by  any  chemical  decomposition  (140). 

§ 765.  Now  this  state  of  polarity  is  manifested  precisely 
to  the  same  degree,  dependent  upon  the  number  of  the  series, 
when  the  voltaic  battery  is  charged  with  dilute  acid  instead  of 
pure  water.  The  particles  of  the  liquid,  as  well  as  of  the  sohds, 
are  thrown  into  a similar  state  of  tension,  which  is  only  relieved 
by  a good  conducting  communication  between  the  two  extreme 
poles.  The  difference  of  the  effects  may  be  well  shown  by  con- 
necting the  two  poles  of  such  a charged  battery  with  insulated 
strips  of  gold  leaf,  when,  upon  approximating  them  as  before, 
they  will  attract  each  other  (141);  but  instead  of  the  neutrah- 


(140)  When  De  Luc’s  column  is  placed  with  each  end  in  con- 
nexion with  a gold-leaf  electrometer  as  here  represented,  one  of 


the  instruments  will  diverare  with 
vitreous,  and  the  other  with  re- 
sinous electricity.  When  the 
electricity  of  either  end  is  dis- 
charged hy  a good  conducting 
communication  with  the  ground, 
the  opposite  force  is  exalted,  and 
the  divergence  of  the  leaves  in- 
creases; and  when  a metallic 
communication  is  made  between 
the  two  ends,  all  signs  of  elec- 
tricity cease. 


(141)  This  experiment  may  be  peiformed 
with  the  electrometer  here  represented,  a is  a 
glass  shade  mounted  upon  a base,  b.  It  is 
covered  with  a piece  of  dry  varnished  wood,  c,  in 
which  the  glass  tubes,  d d,  slide  backwards  and 
forwards,  and  through  which  pass  wires  having 
gold  leaves  suspended  to  their  lower  extremities. 
The  distance  of  the  gold  leaves  may  be  accurately 
adjusted  by  a rack  and  pinion. 
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zatioii  of  tlie  charge  by  a mere  spark,  a rush  of  electricity  will 
hum,  and  utterly  disperse  the  metal,  which  is  insufficient  for  its 
transmission.  Tliis  strong  current  makes  its  way  through  the 
liquid  portion  of  each  cell  by  a new  species  of  convection,  of 
which  the  polar  arrangement  is  the  antecedent  condition. 

§ 766.  We  have  upon  a former  occasion  (§  363)  traced 
the  progress  of  the  carrying  discharge  of  common  electricity : 
the  charged  particles  which  travel  may  be  considered  as  masses 
of  matter,  large  or  small,  compound  or  simple  ; and  they  move 
towards  other  masses  of  matter  in  which  they  have  produced 
the  opposite  state,  by  induction  and  polarization  of  intervening 
particles.  The  convection  of  the  voltaic  charge  can  only  be 
effected  by  the  separation  of  the  constituent  particles  of  bodies 
in  certain  equivalent  proportions,  from  compounds  in  which 
they  had  been  previously  combined  in  the  same  proportions, 
and  they  move  also  under  the  influence  of  the  same  kind  of 
polarity  previously  induced.  This  forced  condition  never  reaches 
the  highest  degree  of  intensity,  because  it  is  relieved  by  the 
j-ielding  of  the  compound. 

§ 767*  The  simplest  case  of  this  convection  is  presented 
to  us  when  the  current  is  led  from  a series  of  generating  cells 
into  a retarding  cell,  through  which  it  has  to  force  its  passage 
without  the  assistance  of  any  concurring  affinity.  The  plates 
hy  which  it  passes  into  and  out  of  the  bquid  have  been  aptly 
denominated  electrodes,  as  being  the  doors  by  which  the  current 
enters  and  departs.  They  may  be  further  conveniently  dis- 
tinguished as  the  zincode  and  the  platinode,  the  former  being 
the  plate  which  occupies  the  position  of  the  generating  plate  in 
the  battery,  and  the  latter  of  the  conducting  plate.  Through 
the  intervening  stratum  of  water,  rendered  conductive  by  sul- 
phuric acid,  it  can  only  pass  by  convection  and  decomposition  of 
the  water.  For  this  the  particles  of  oxygen  and  hydrogen 
travel  in  opposite  directions,  separating  from  one  and  recom- 
bining with  another  throughout  the  series  of  previously  pola- 
rized particles,  till  the  last  particle  of  hydrogen  gives  up  its 
charge  to  the  platinode  and  the  oxygen  to  the  zincode,  and  each 
passes  off  in  its  own  elastic  form.  The  convection,  therefore, 
cannot  be  regarded  as  the  transfer  of  a single  force  in  one 
direction,  but  of  two  forces  in  opposite  directions,  and  hence 
T)r.  Faraday  has  liappily  designated  the  electric  current,  whether 


522 


POLARITY  IN  LIQUIDS. 


in  metals,  or  liquids,  or  air,  as  “ An  axis  of  power  having  con- 
trary forces,  exactly  equal  in  amount,  in  contrary  directions.” 

§ 768.  The  polarity  of  the  arrangement,  when  in  a state 
of  action,  is  Well  illustrated  by  interposing  between  the  elec- 
trodes a plate  of  platinum ; the  side  of  such  a plate  which 
fronts  the  zincode  will  give  off  hydrogen,  and  the  opposite  side 
the  equivalent  oxygen.  If  a plate  of  copper  be  substituted  for 
the  platinmn,  and  sulphate  of  copper  be  added  to  the  electro- 
lyte, the  first  will  be  coated  with  fresh  precipitated  copper,  and 
the  second  oxidated  and  dissolved  to  exactly  the  same  amount. 
The  current  which  enters  by  the  zincode  is  conveyed  by  the 
liquid  under  decomposition  to  the  metallic  diaphragm,  to  which 
it  gives  up  its  charge,  it  re-enters  the  liquid  on  the  other  side, 
and  passes  on  to  the  platinode,  and  the  opposite  faces  of  the 
plate  exhibit  that  opposition  of  forces  which  characterizes  the 
whole  process. 

§ 769.  The  same  kind  of  convection  takes  place  in  the 
generating  cells  of  the  battery,  but  the  combination  of  the 
disengaged  elements  at  the  two  electrodes  not  only  removes  a 
strong  ojiposing  force,  but  perpetually  renews  the  heteroge- 
neous contacts  by  which  the  current  is  generated,  exalted,  and 
maintained. 


§ 770-  The  inductive  influence  which  precedes  and  ac- 
companies the  current  of  the  voltaic  battery,  and  which  we 
have  illustrated  by  the  compound  circuit,  may  also  be  proved 
to  exist  in  the  single  galvanic  circuits,  which  we  have  previously 
examined,  though  not  exalted  to  the  same  degree  of  intensity. 
In  them  we  have  been  able  to  trace  the  coui'se  and  distidbution 
of  the  force  by  the- deposition  of  metallic  copper,  which  marked 
the  limits  of  its  action,  and  we  have  found  that  it  not  only 
radiated  in  straight  lines  from  the  generating  to  the  anterior 
surface  of  the  conducting  plate,  but  that  it  bent  round  the  edges 
of  the  latter,  and  could,  in  fact,  be  wholly  sustained  by  its 
posterior  surface.  The  same  “ turning  of  a corner,”  has  been 
already  adduced  as  evidence  of  the  polarization  of  the  particles 
of  a dielectric  in  the  instance  of  common  electric  induction, 
(§  328,)  and  the  bent  direction  of  the  force,  in  the  present 
instance,  can  only  be  accounted  for  on  the  same  principle. 
There  is  a complete  analogy  between  the  case  in  which  a carrier 


I 


SOURCE  OF  VOLTAIC  ACTION. 


.523 


l)all  is  brought  near  to  the  middle  of  a flat  disc  of  metal,  placed 
upon  an  excited  cylinder  of  shell-lac  without  receiving  a charge, 
although  one  might  be  obtained  all  round  the  edge  (fig.  83, 
p.  256)  ; and  that  of  the  deposition  of  a ring  of  precipitated 
copper  round  the  edge  of  the  under  surface  of  a brass  plate, 
under  the  influence  of  a ball  of  zinc,  while  the  centre  was  free 
from  it  (§  716)* 

§ 771*  We  must  not  omit  to  mention  that  in  Volta’s 
view  of  the  phenomena,  the  source  of  electricity  was  the  contact 
of  the  dissimilar  metals,  and  not  chemical  affinity,  to  which  we 
have  referred  it.  When  two  metals,  the  most  dissimilar  in 
regard  to  their  attraction  for  oxygen,  are  insulated,  and  made 
to  touch  each  other,  and  again  separated,  the  most  oxidizable 
will  be  found  by  the  usual  tests  to  be  in  a state  of  vitreous 
excitation,  and  the  least  in  the  opposite  state.  We  have  already 
seen  (§  307),  that  if  a plate  of  metal  be  placed  upon  the  cap  of 
gold-leaf  electrometer,  and  zinc  filings  be  sifted  upon  it  through 
a copper  sieve  held  by  a glass  handle,  the  leaves  will  diverge 
with  vitreous  electricity,  and  the  sieve  will  be  found  in  a 
resinous  state.  With  a zinc  sieve  and  copper  filings,  the  elec- 
trical changes  will  be  reversed.  If  we  arrange  the  metals  in  the 
foUowdng  order,  which  is  that  of  their  affinity  for  oxygen,  each 
wdll  become  resinous  by  the  contact  of  that  which  precedes  it, 
and  vitreous  by  the  contact  of  that  which  follows  it,  and  the 
greatest  effect  will  be  produced  by  the  contact  of  the  most 
distant  metals  of  the  series : — potassium,  zinc,  lead,  tin,  iron, 
copper,  mercurj’^,  silver,  gold,  platinum.  The  interposed  liquid 
was  regarded  by  the  inventor  of  the  pile  merely  in  the  light  of 
an  imperfect  conductor,  which  allowed  of  the  accumulation  of 
the  electrical  fluids,  disengaged  by  the  electromotive  power  of 
the  metals,  by  a species  of  inductive  influence. 

§ 772.  Dr.  Faraday  was  the  first  to  prove,  by  an  unam- 
biguous experiment,  which  we  have  already  described  (§  729), 
that  the  contact  of  dissimilar  metals  is  not  necessary  to  the 
generation  of  a voltaic  current,  and  that  the  force  is  exactly 
proportioned  to  the  amount  of  chemical  action.  As  the  con- 
trary opinion,  however,  still  finds  supporters,  it  may  not  be 
superfluous  to  add  some  other  proofs  which  he  has  since 
adduced  of  the  dependence  of  the  current  upon  chemical  affinity. 
If  a plate  of  iron  and  a plate  of  platinum  be  each  connected 
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with  one  of  the  wires  of  a galvanometer,  and  immersed  into 
strong  nitric  acid,  no  chemical  action,  as  we  have  already  noticed 
(§  471),  will  take  place;  and,  notwithstanding  the  contact  of 
the  dissimilar  metals,  no  effect  will  be  produced  upon  the 
instrument ; but  if  a little  water  be  added  to  the  acid,  violent 
action  will  be  established,  and  the  needle  wiU  be  strongly  and 
permanently  deflected. 

Again;  an  efficient  current  for  a short  time  may  be  esta- 
blished by  iron  and  lead  immersed  in  a solution  of  sulphuret  of 
potassium ; but  when  the  lead  becomes  coated  with  sulphuret 
of  lead  all  chemical  action  ceases,  and  the  current  ceases  vdth 
it,  although  sulphuret  of  lead  is  an  excellent  conductor,  and  the 
contact  between  the  two  metals  remains.  It  is  indeed  probable 
that  the  contact  of  different  species  of  matter,  whether  metallic 
or  non-metallic,  may  throw  them  into  a preliminary  state  of 
polarity,  which  may  be  the  antecedent  in  fact,  of  all  chemical 
action,  and  may,  when  exalted  by  induction,  manifest  itself  by 
phenomena  of  tension  such  as  those  of  the  De  Luc’s  pile ; but 
there  is  every  reason  to  believe  that  the  definite  current  of  the 
voltaic  battery  can  only  be  maintained  by  that  decomposition 
of  previously  united  elements  and  series  of  recomposition  to 
which  we  have  referred  it,  and  which  we  have  found  in  every 
case  to  be  limited  by  the  laws  of  chemical  affinity. 

That  the  contact  of  two  dissimilar  metals  producing  no 
permanent  change  whatever  in  their  states,  should  be  an  inex- 
haustible source  of  a power  acting  in  the  most  energetic  manner 
upon  chemical  compounds  according  to  the  laws  of  chemical 
affinity,  is  perfectly  contrary  to  all  our  experience  of  the  powers 
of  nature,  but  that  a force  derived  from  a definite  chemical 
action,  and  maintained  only  so  long  as  that  action  is  continued, 
should  be  limited  to  equivalent  chemical  effects,  is  quite  in 
harmony  with  the  general  view  of  the  connexion  of  physical 
phenomena  which  we  have  been  endeavouring  to  establish. 
“ In  no  case  is  there  a pure  creation  of  force — a production  of 
power,  without  a corresponding  exhaustion  of  something  to 
supply  it.” 

It  is  not,  of  course,  denied  that  electricity  is  developed  by 
the  contact  of  metals ; but  it  is  small  in  quantity,  of  high 
intensity,  and  intermitting  in  its  action ; and  to  generate  a 
current,  the  contact  of  a compound  liquid  with  a metal  seems 
to  be  necessary,  as  has  been  before  explained. 


ELECTROLYSIS. 


525 


XIV.  LAWS  OF  ELECTROLYSIS. 

§ 773.  We  wall  now  turn  from  the  battery  itself,  and 
consider  the  force  which  is  thus  generated  as  an  independent 
power,  over  which  we  have  complete  control,  applicable  to 
certain  work  at  any  given  point,  according  to  laws  which  we 
vdll  proceed  to  investigate ; at  the  same  time  we  must  not  forget 
the  main  fact  of  circulation,  and  that  the  experimental  cell,  or 
any  other  obstacle  which  we  may  interpose,  constitutes,  in 
reality,  a part  of  the  circuit,  the  resistance  of  which  reacts  upon 
every  other  cell  and  conducting  portion  of  the  arrangements. 

We  have  already  seen  (§  738,  &c.,)  in  the  dissected  battery 
that,  when  the  current  is  led  into  a voltameter,  or  other  arrange- 
ment in  which  the  oxygen  and  hydrogen  of  the  decomposed 
water  are  both  evolved  and  collected,  the  check  is  felt  through- 
out its  course,  and  no  more  hydrogen  is  evolved  or  zinc  oxi- 
dated in  each  generating  cell,  than  is  equivalent  to  the  hydrogen 
and  oxygen  forced  asunder  in  the  resisting  cell. 

The  process  of  resolving  a compound  body  into  its  elements, 
or  proximate  principles,  by  the  voltaic  current,  has  been  named 
electrolysis,  and  substances  which  are  capable  of  such  decom- 
position are  called  electrolytes. 

§ 774.  One  essential  condition  of  electrolysis  is  liquid- 
ity ; the  elements  of  a compound  cannot  travel  when  restrained 
by  cohesion ; and,  with  very  rare  exceptions,  compound  bodies 
cannot  transmit  the  current,  except  by  electrolysis. 

If  one  of  the  electrodes  of  a powerful  battery  be  separated 
from  the  other  in  water,  by  a film  of  ice  not  more  than  one- 
sixteenth  of  an  inch  in  thickness,  there  will  not  be  the  slightest 
effect  upon  a galvanometer  included  in  the  circuit;  but  if  a 
small  portion  be  thawed,  so  as  to  form  the  thinnest  possible 
film  of  water  between  the  two,  the  needle  will  be  permanently 
deflected. 

A great  variety  of  both  primary  and  secondary  combinations 
! are  subject  to  the  same  law.  On  fusing  a little  chloride  of  lead 
1 in  a glass  capsule  by  a spirit-lamp,  and  introducing  into  it  two 
I platinum  wires  connected  with  the  poles  of  the  battery,  powerful 
! action  will  take  place,  the  galvanometer  wdll  be  violently  affected, 
} and  the  chloride  rapidly  decomposed.  On  removing  the  lamji, 
1 the  instant  the  chloride  solidifies,  all  current  and  contempora- 
t neous  effects  will  cease,  though  the  platinum  wires  may  remain 
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inclosed  in  the  chloride  not  more  than  the  one-sixteenth  of  an 
inch  apart.  Chloride  of  silver,  nitrate  of  potassa,  and  chlorate 
of  potassa,  act  exactly  in  the  same  way ; and  in  every  case 
decomposition  of  the  compound  takes  place  when  the  current 
passes. 

With  regard  to  the  substances  on  which  conducting,  or 
rather  eonvective  power,  is  conferred  by  liquefaction,  the  degree 
of  power  so  given  is  generally  very  great.  Water  is  that  body 
in  which  this  acquired  power  is  the  feeblest;  in  the  various 
other  oxides,  chlorides,  salts,  &c.,  it  is  some  hundred  times 
greater.  The  addition  of  other  liquids  and  soluble  sohds,  as 
sulphuric  acid  and  boracic  acid,  which  by  themselves  are  not 
capable  of  electrolysis,  and  consequently  are  non-conductors, 
confer  this  increased  power  of  convection  upon  water.  Even 
some  elementary  substances  exalt  its  conducting  power,  and  a 
solution  of  chlorine  wiU  convey  the  current  much  more  readily 
than  pure  water. 

§ 775.  The  next  point  which  must  arrest  our  attention 
is  the  definite  direction  which  the  disengaged  elements  or  prin- 
ciples are  forced  to  take  under  the  influence  of  the  current. 

In  the  cells  of  the  battery  the  oxygen  of  the  decomposing 
water,  or  rather  the  radicle  of  the  acid  {pxysulpMon),  from  its 
natural  affinity,  must  travel  from  the  conducting  plate  towards 
the  zinc,  and  the  hydrogen  in  the  opposite  direction ; and  in 
the  experimental  cell  which  forms  part  of  the  circuit,  the  two 
gases  must  move  in  conformity  with  these  directions ; and  hence 
the  oxygen  will  be  evolved  at  the  zincode  and  the  hydrogen  at 
the  platinode.  The  elements  or  principles  of  any  other  elec- 
trolyte which  comes  under  the  government  of  the  current  will 
be  subject  to  the  same  law  of  direction,  and  those  elements  or 
radicles  which,  in  the  order  of  common  affinity,  have  the  greatest 
attraction  for  the  zinc,  will  take  the  path  of  the  oxygen  and 
appear  at  the  zincode,  and  their  associates  must  travel  in  the 
opposite  course  and  escape  at  the  platinode.  Thus  amongst 
the  elementary  substances,  chlorine,  iodine,  bromine,  and  fluo- 
rine, range  with  oxygen,  and  the  metals  with  hydrogen. 

§ 776-  Dr.  Faraday,  wishing  to  avoid  all  reference  to 
any  hypotheses  with  regard  to  the  nature  of  electrical  action, 
distinguishes  these  classes  of  bodies,  and  certain  particulars 
relating  to  them,  by  a nomenclature  derived  from  the  direction 
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of  the  current,  wliidi  is  supposed  to  pass  tlirough  the  circuit, 
and  which  is  indicated  by  the  direction  of  the  magnetic  needle 
under  the  influence  of  the  earth.  If  in  any  case  of  electrolysis 
we  consider  the  decomposing  body  placed  so  that  the  current 
passing  through  it  shall  be  in  the  direction  that  the  sun  appears 
to  move  in,  or  from  east  to  west,  then  the  surfaces  at  which  the 
electricity  is  passing  into  or  out  of  the  substance  would  have  an 
invariable  reference  to  the  points  of  the  compass,  and  exhibit 
constantly  the  same  relation  of  powers.  He,  therefore,  calls 
that  towards  the  east  the  anode,  and  that  towards  the  west  the 
cathode.  Tlie  anode  is  that  surface  of  the  electrolyte  at  which, 
according  to  the  general  expression,  the  current  enters,  and 
which  is  in  contact  with  the  zincode,  and  is  where  oxygen, 
chlorine,  &c.,  are  evolved.  The  cathode  is  that  surface  of  the 
decomposing  body  at  which  the  current  leaves  it,  and  is  in  con- 
tact with  the  platinode ; it  is  the  place  where  hydrogen  and  the 
metals  are  evolved.  He  distinguishes  those  bodies  which  go  to 
the  anode  of  the  decomposing  body  by  calling  them  anions,  and 
those  passing  to  the  cathode,  cations.  When  he  has  occasion 
to  speak  of  them  together,  without  distinction,  he  calls  them 
ions.  Thus  the  chloride  of  lead  is  an  electrolyte;  and  when 
electrolyzed,  evolves  the  two  ions,  chlorine  and  lead ; the 
former  being  an  anion,  and  the  latter  a cation. 

§ 777-  The  invariable  nature  of  these  relations  may  be 
well  exhibited  by  placing  several  electrolytes  in  different  cells, 
and  including  them  in  one  circuit  with  a battery  of  sufficient 
power.  Tlius,  place  solutions  of  chloride  of  sodium,  coloured 
with  indigo ; iodide,  and  bromide  of  potassium,  mixed  with 
starch ; and  fluoride  of  potassium,  in  succession  in  four  syphon 
tubes  of  glass,  reversed,  and  connect  them  together,  and  with 
the  battery,  by  platinum  electrodes ; the  first  will  be  bleached 
at  the  zincode  by  the  evolution  of  chlorine ; the  second, 
coloured  blue  at  the  corresponding  electrode  by  free  iodine ; 
the  third  will  become  deep  yellow  with  the  bromine  disengaged 
at  the  same  point ; while  the  indications  of  free  fluorine  in  the 
fourth,  will  be  manifested  by  the  corrosion  of  the  glass  at  the 
corresponding  electrode  (142). 

(142)  Some  of  the  forms  of  apparatus  in  which  these  processes 
of  electrolysis  may  be  conducted,  are  represented  on  the  following 
page. 
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§ 778.  The  third  great  point  in  electrolysis  is,  that  “the 
chemical  action  of  a current  of  electricity  is  always  definite,  and 
directly  proportionate  to  the  absolute  quantity  of  electricity 
which  circulates.”  This  is  not  merely  true  with  one  substance, 
as  water,  but  generally  with  all  electrolytic  bodies ; and  further, 
the  results  obtained  with  any  one  substance  do  not  merely 
agree  amongst  themselves,  but  also  with  those  obtained  from 
other  substances ; the  whole  combining  together  into  one  series 
of  definite  electro-chemical  actions,  in  which  the  quantities  of 
different  kinds  of  matter  acted  upon,  bear  the  same  proportion 
to  one  another  as  their  equivalent  numbers. 

Thus,  when  fused  protochloride  of  tin,  chloride  of  lead,  and 
water,  are  placed  in  succession  and  decomposed  simultaneously 


Fig.  1 is  a glass  vessel  with  two  orifices,  each  having  a tube 
adapted  to  it  in  such  a way  as  to  receive  the  separate  gases  from 
Fig.  1.  the  two  platinum  electrodes  which  pass  into  globes 

filled  with  acidulated  water. 

Fig.  2 is  a cell  made  of  plates  of  glass,  cemented 
together  and  divided  into  two  parts  by  the  tempo- 
rary diaphragm,  a,  which  consists  of  bladder  or 
porous  earthenware.  A separate  electrode  may 
be  introduced  into  each  side  of  it,  and  the  liquid 
products  of  the  decomposition  may  thus  be  kept 
separate  for  a time  and  examined. 

Fig.  3 exhibits  two  glasses,  connected  together 
by  a syphon  of  large  bore,  filled  with  an  electro- 
lyte, and  two  tubes  inverted  in  the  glasses  and 
filled  with  the  same  liquid;  into  the  upper  ends  of  which  platinum 
wires,  terminating  in  long  slips  of  the  same  metal,  are  inserted. 


The  opposite  products  of  the  decomposition  may  thus  be  separately 
obtained;  the  convective  current  passing  through  the  interposed  liquid 
in  the  syphon. 
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by  the  same  electric  current,  the  tin  and  the  chlorine,  at  the 
first  pair  of  electrodes,  are  respectively  in  the  proportion  of  58 
to  36 ; the  lead  and  the  chlorine  at  the  second  as  104  to  36 ; 
and  the  hydrogen  and  the  oxygen  at  the  third  as  1 to  8. 

§ 779-  Variations  in  the  intensity  of  the  current  beyond 
that  ■R’liich  is  necessary  to  effect  the  decomposition  of  the  elec- 
trolyte, produce  no  corresponding  variation  in  the  electro- 
chemical effects.  If  three  voltameters  be  so  arranged  that,  after 
the  electric  current  has  passed  through  one,  it  may  divide  into 
tv'O  parts,  which,  after  traversing  each  one  of  the  remaining 
instruments,  may  reunite,  the  sum  of  the  decomposition  in  the 
two  latter  vessels,  will  always  be  equal  to  the  decomposition  in 
the  former.  The  intensity  in  this  case  of  the  divided  current 
cannot  be  the  same  as  that  which  it  has  in  its  original  state,  but 
the  two  halves  of  lower  intensity  produce  together  the  same 
amount  of  decomposition  as  the  whole  carried  into  a higher  state. 

§ 780*  As  the  decompositions  dependent  upon  the 
current  which  is  urged  through  the  experimental  cells  are  defi- 
nite, so  are  the  compositions  and  decompositions  which  are 
associated  with  the  current  in  the  battery  cells ; and  it  requires 
the  combination  of  32  grains  of  zinc  with  48  of  oxysulphion, 
abstracted  from  49  of  aqueo-sulphuric  acid,  in  each  of  the  cells, 
to  generate  the  current,  which  is  carried  forward  by  the  equiva- 
lent quantities  of  the  different  kinds  of  matter  specified  above. 

§ 781.  From  these  facts  may  be  drawn  the  important 
conclusion  that  “the  quantity  of  electricity  which,  being 
naturally  associated  with  the  particles  of  matter  gives  them 
their  combining  power,  is  able,  v'hen  thrown  into  a current,  to 
separate  those  particles  from  their  state  of  combination ; or,  in 
other  words,  that  the  electricity  which  is  evolved  by  the  decom- 
position of,  and  that  which  decomposes,  a certain  quantity  of 
matter,  are  alike.^^  According  to  this  view,  the  equivalent 
weights  of  bodies  are  simply  those  quantities  of  them  which 
contain  equal  quantities  of  electricity,  or  have  naturally  equal 
electric  powers;  it  being  the  electricity  which  determines  the 
equivalent  number,  because  it  determines  the  combining  force. 

§ 782.  AU  compounds  are  not  susceptible  of  electrolyza- 
tion, even  in  the  liquid  state ; and  there  is  but  one  electrolyte 
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composed  of  the  same  two  elementary  ions  ; in  fact,  single  equi- 
valents alone  of  elementary  ions,  and  not  multiples,  ean  go  to 
the  eleetrodes  ; and  hence  only  protoxides,  protochlorides,  &c., 
will  transmit  the  current.  This  may  be  probably  explained  by 
the  necessary  uniformity  in  the  actions  of  the  generating  and 
decomposing  cells  ; for  as  it  is  the  force  of  single  equivalents  of 
oxysulphion  and  hydrogen  which  is  first  thrown  into  the  current 
state,  so  we  may  conclude  that  it  is  by  single  equivalents  alone 
of  other  substances  it  can  be  transmitted  on  its  course. 

To  effect  the  decomposition  of  a deuto-compovmd,  the 
current  must  probably  originate  from  the  decomposition  and 
recomposition  of  a deuto-compound,  and  the  whole  circulation 
must  be  maintained  by  compounds  of  the  same  order. 

All  compounds,  however,  of  single  proportionals  of  elements 
are  not  decomposable ; as  chloride  of  sulphur,  protochloride  of 
phosphorus,  and  protochloride  of  carbon. 

§ 783.  Every  electrolyte  which  can  transmit  the  current 
can  also  generate  it  with  any  conductor  to  whose  superior  afii- 
nity  it  is  capable  of  yielding  one  of  its  ions  simple  or  com- 
pound ; but  few  of  them  woidd  be  applicable  to  the  construction 
of  a battery ; since  for  the  maintenance  of  the  current,  con- 
curring forces  are  necessary  to  remove  the  ions  from  their 
respective  electrodes,  whose  influence  would  otherwise  check 
and  terminate  the  process. 

In  the  common  voltaic  battery,  the  current  is  occasioned  by 
the  tendency  of  the  zinc  to  take  the  oxysulphion  of  the  acid 
from  the  hydrogen,  the  effective  action  being  at  the  place  where 
the  oxygen  leaves  the  previously  existing  electrolyte.  Professor 
Schonbein  has  arranged  a battery  of  philosophical,  if  not  of 
practical,  importance ; in  which  the  effective  action  is  at  the 
other  extremity  of  the  arrangement.  If  a plate  of  platinum  be 
covered  with  peroxide  of  lead  or  of  silver,  (which  may  be  effected 
by  making  it  for  a few  moments  the  zincode  of  a common  bat- 
tery plunging  into  the  nitrates  of  those  metals,)  and  it  be  then 
associated  with  platinum  in  strong  nitric  acid,  a current  is 
obtained  which  indicates  by  the  galvanometer  that  the  oxygen 
of  the  peroxide  takes  hydrogen  from  the  aqueo-nitric  acid,  and 
as  in  the  ordinary  case  the  current  is  put  in  motion  by  the 
abstraction  of  oxysulphion  from  hydrogen,  so  in  this  it  origi- 
nates in  the  abstraction  of  hydrogen  from  oxynitrion.  The 
direction  of  the  current  is  in  both  cases  the  same  if  referred  to 
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the  direction  in  which  the  ions  of  the  electrolyte  are  supposed 
to  be  moving. 

§ 784.  The  more  directly  bodies  are  opposed  to  each 
other  in  chemical  affinity,  the  more  ready  is  their  separation 
from  each  other  in  cases  of  electro-chemical  decomposition. 

Substances  united  by  weak  attractions  very  rarely  conduct, 
even  when  liquefied,  or  give  up  their  component  parts.  Glasses, 
for  instance,  which  are  formed  of  silica,  lime,  alkali,  and  oxide 
of  lead,  may  be  considered  as  little  luore  than  mixtures  under 
the  force  of  adhesion,  and  many  of  them  appear  to  be  not  at  all 
decomposed ; but  if  borate  of  lead  glass,  which  is  a definite 
chemical  compound,  be  experimented  with,  it  readily  yields  up 
its  elements. 

§ 785.  A substance  cannot  be  transferred  by  the  voltaic 
current  beyond  the  point  at  which  it  ceases  to  find  particles 
with  which  it  may  combine ; but  an  acid  will  experience  no 
difficulty  in  traversing  any  portion  of  alkali,  which  may  be  inter- 
posed in  its  passage  towards  an  electrode,  or  vice  versa.  If 
three  vessels  be  placed  in  a row,  and  connected  together  by 
moistened  cotton,  the  two  extreme  ones  being  filled  with  sul- 
phate of  soda,  and  the  centre  one  with  potassa,  upon  connecting 
the  first  wdth  the  platinode  of  the  battery,  and  the  last  with  the 
zincode,  sulphuric  acid  will  be  transferred  to  the  latter,  not- 
withstanding it  must  pass  through  the  intervening  alkali  from 
the  equivalent  soda  w'hich  is  given  off  at  the  former.  This  was 
formerly  regarded  as  proof  of  the  destruction  or  suspension  of 
the  natural  affinities  of  bodies  by  the  powers  of  the  battery ; 
but  that  which  used  to  excite  wonder  and  astonishment  is,  in 
fact,  brought  about  by  that  transitory  combination  which  is  the 
essential  condition  of  the  transfer. 

When  it  is  attempted  to  pass  sulphuric  acid  through  solution 
of  bar^ffa  in  the  same  way,  sulphate  of  baryta  is  precipitated, 
because  from  its  insolubility  it  loses  that  liquid  state  which  is 
essential  to  the  convection,  and  no  acid  reaches  the  zincode. 

§ 786.  If  pure  water  be  carefully  poured  upon  a strong 
solution  of  sulphate  of  magnesia,  and  platinum  conductors  be  so 
introduced  that  one  may  be  in  contact  with  the  former,  and  the 
other  with  the  latter,  magnesia  will  be  deposited  at  the  line  of 
contact  between  tbe  water  and  the  solution;  the  insoluble  base 
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can  travel  no  further,  because  it  meets  with  no  matter  with 
which  it  can  combine;  the  water  then,  in  fact,  becomes  the 
platinode,  to  which  the  base  yields  up  the  charge,  which  it  is 
not  competent  to  carry  further  on  its  way.  The  sulphuric  acid 
readily  reaches  the  platinum  zincode  in  the  contrary  direction, 
and  is  there  easily  detected  by  its  appropriate  tests. 

§ 787*  This  experiment  is  well  calculated  to  demonstrate, 
that  the  decompositions  of  the  voltaic  battery  are  not  owing,  as 
has  been  supposed,  to  any  attractive  powers  possessed  by  its  poles 
superior  to  the  mutual  attraction  of  the  particles  separated,  for 
then  the  magnesia  must  have  completed  its  course  towards  this 
superior  force.  It  is,  on  the  other  hand,  quite  consistent  with 
the  view  which  regards  them  as  produced  by  an  internal  cor- 
puscular action,  exerted  according  to  the  direction  of  the  electric 
current,  which  is  due  to  a force  either  superadded  to  or  giving 
direction  to  the  ordinary  chemical  affinity  of  the  bodies  present. 
It  is  because  the  ordinary  chemical  affinity  is  relieved,  weakened, 
or  partly  neutralized  in  one  direction,  and  strengthened  or 
added  to  in  the  opposite  direction,  that  the  combining  particles 
have  a tendency  to  pass  in  contrary  directions.  Where  common 
affinity  fails,  current  affinity  is  inoperative. 

§ 788.  We  must  now  examine  more  particularly  the 
electrolysis  of  secondary  compounds,  and  the  electrical  decom- 
position of  aqueous  solutions  of  the  salts*. 

It  has  been  generally  believed  that  when  the  solution  of  a 
salt  has  been  placed  under  the  influence  of  a voltaic  current  by 
platinum  electrodes,  the  acid  travelled  to  the  zincode,  and  the 
alkali  to  the  platinode,  where  they  could  be  recognised  in  the 
free  state,  and  in  equivalent  proportions,  by  their  proper  tests. 
The  acids  have,  therefore,  been  considered  as  compound  anions, 
and  the  alkalies  as  cations. 

But  in  this  decomposition  of  a salt  there  are  several  remark- 
able circumstances  to  be  observed.  In  the  first  place,  if  water 
contain  the  most  minute  conceivable  portion  of  saline  matter, 
it  is  invariably  decomposed;  and  2ndly,  the  decomposition  of 
the  salt  is  always  accompanied  by  the  decomposition  of  the 
water,  so  that  oxygen  is  evolved  at  the  zincode  with  the  acid, 
and  hydrogen  at  the  platinode  with  the  alkali.  According  to 
the  ordinary  view,  therefore,  a portion  of  the  current  must  be 

• See  Phil.  Trans,  for  1839,  p.  97,  and  1840,  p.  209. 
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carried  by  one  electrolyte,  and  another  portion  by  the  other,  and  it 
became  an  object  of  interest  to  inquire  what  respective  portions 
of  oxygen  and  hydrogen  accompanied  the  acid  and  alkali  in 
their  transfer.  Upon  trying  the  experiment  with  sulphate  of 
soda  with  every  precaution,  it  was  ascertained  that  for  every 
equivalent  of  the  salt  electrolysed  an  equivalent  of  water  was 
also  decomposed,  and  that  the  oxygen  and  acid  at  the  zincode, 
and  the  hydrogen  and  alkali  at  the  platinode,  were  all  in 
exact  equivalent  proportions  (143).  Different  salts,  such  as 


(143)  In  the  usual  mode  of  experimenting  this  result  had  never 
been  attained,  because  the  two  electrodes  of  the  experimental  cell 
being  both  plunged  into  the  same  cell,  the  liquid  products  of  the 
electrolysis  became  mingled  together  and  neutralized  each  other  as 
soon  as  formed,  while  the  gaseous  products  were  allowed  to  escape. 
The  author,  however,  in  these  experiments  divided  the  cell  by  a 
porous  or  membranous  diaphragm,  and  by  this  mechanical  obstruction, 
which  allowed  the  current  to  pass  with  little  impediment,  effectually 
prevented  the  mixing  of  the  liquids. 

The  following  sketch  represents  the  construction  of  a Double 
Diaphragm  Cell,  which  is  well  adapted  to  these  and  similar  expe- 


riments. A and  B are  the  two  halves  of  a stout  glass  cylinder,  accu- 
rately ground  so  as  to  fit  together,  with  a shoulder,  liquid-tight,  c is 
a hollow  ring  of  glass,  also  ground  to  fit  into  the  two  half  cylinders, 
which,  when  adjusted  cover  it  entirely.  The  two  rims  of  the  ring  are 
each  cut  down  to  a shoulder  to  admit  of  a thin  piece  of  bladder  hieing 
tied  over  them  to  form  a kind  of  drum:  at  k is  a small  hole  to  admit 
of  the  cavity  being  filled  with  a liquid,  d and  E are  two  bent  tubes 
fitted  to  the  two  half  cylinders  for  collecting  the  gases  evolved  in  the 
experiments,  g and  h are  two  circular  platinum  electrodes  connected 
by  wires,  if,  (passing  through  corks  in  the  necks  of  the  half  cylinders,) 
with  the  battery.  The  apparatus  when  adjusted  forms  three  com- 
partments, each  of  which  may  be  filled  with  the  same  or  a different 
liquid,  and  the  whole  may  be  supported  on  a light  frame  of  wood. 
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sulijhate  of  potassa,  nitrate  of  potassa,  nitrate  of  soda,  &c., 
were  subjected  to  the  same  examination  with  similar  results. 
But  the  most  remarkable  circumstance  attending  these  decom- 
positions was,  that  when  a voltameter  was  included  in  the 
circuit,  it  appeared  that  the  same  current  which  only  effected 
the  decomposition  of  a single  equivalent  of  acid  in  the  volta- 
meter was  sufficient  to  electrolyze  both  an  equivalent  of  water 
and  one  of  the  salt  in  the  experimental  cell. 

To  cut  off  every  source  of  ambiguity  which  might  arise  from 
the  compound  nature  of  the  dilute  acid  in  the  voltameter,  a 
portion  of  fused  chloride  of  lead  was  substituted  for  the  latter, 
and  with  a corresponding  result.  A single  equivalent  of  metallic 
lead  was  obtained  for  the  equivalent  of  salt  and  the  equivalent 
of  water  seemingly  electrolyzed  together. 

On  the  other  hand,  when  chlorides  in  solution  were  com- 
pared with  fused  chlorides,  they  were  found  to  be  decomposed 
in  exact  equivalent  proportions. 

§ 789.  Now,  the  fundamental  principle  has  already  been 
established  that  there  can  be  no  inequality  of  force  in  any  part 
of  a voltaic  current;  and  the  force  which  we  have  measured  by 
its  definite  action  at  any  one  point  of  its  course,  cannot  perform 
at  the  same  time  more  than  an  equivalent  proportion  of  work  at 
any  other  point.  In  short,  that  the  same  current  which  had 
been  measured  by  the  decomposition  of  an  equivalent  of  chloride 
of  lead,  could  not  at  the  same  moment  suffice  for  the  electrolysis 
of  an  equivalent  of  a salt  together  with  an  equivalent  of  water. 

We  are  forced,  therefore,  to  seek  for  another  explanation  of 
the  phenomena,  and  we  shall  find  it  in  the  binary  theory  of 
salts  and  aqueo-acids,  which  we  have  already  shown  to  be  highly 
probable  from  other  considerations  (§  626,  &c.),  and  which  these 
results  of  electrolysis  render  certain. 

§ 790.  With  regard  to  our  first  experiment,  the  electro- 
lyte which  yields  to  the  current  is  sulphate  of  soda ; the  ions  of 
which  are  not  the  acid  and  alkali  of  the  salt,  but  a compound 
anion  composed  of  1 equivalent  of  sulphur  and  4 equivalents  of 
oxygen,  and  the  metallic  cation,  sodium.  When  these  are 
evolved  at  their  respective  electrodes,  they  both,  in  passing 
from  the  influence  of  the  current,  react  upon  the  water ; the 
sodium  combining  with  oxygen  to  constitute  soda,  while  the 
hydrogen  escapes,  the  anion  combining  with  hydrogen  to  form 
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tlie  aqueo-acid  and  disengaging  oxygen.  These  secondary 
actions  are  found  to  be  in  equivalent  proportions  to  the  pri- 
mary, but  have  no  influence  upon  the  current  force. 

When  the  metallic  base  of  the  salt  is  one  of  those  which  do 
not  decompose  water  at  ordinary  temperatures,  it  makes  its 
a^jpearance  at  the  zincode  in  the  metallic  state,  and  no  hydrogen 
is  evolved;  and  thus  in  the  electrolysis  of  sulphate  of  copper, 
the  copper  is  at  once  precipitated  instead  of  being  reduced  by 
the  hydrogen  as  we  were  forced  to  imagine  upon  the  old 
hypothesis. 

§ 791  • Now  it  is  almost  necessary  to  distinguish  the 
compound  anions  which  thus  travel  in  the  voltaic  circuit  by 
some  appropriate  appellations,  and  it  has  been  proposed  to 
combine  the  term  ion  adopted  by  Dr.  Faraday  to  indicate  the 
substances,  elementary  or  compound,  which  travel  in  the  circuit, 
with  the  name  of  the  acid  in  such  a manner,  as  at  once  to  recall 
the  constitution  of  the  salt  and  designate  the  compounds  which 
in  its  analysis  pass  to  the  zincode.  Thus,  electrolytically  con- 
sidered, the  sulphate  of  copper  would  be  specifically  distin- 
guished as  the  oxysulphion  of  copper,  nitrate  of  potassa, 
oxynitrion  of  potassium,  &c.  The  oxysulphion  of  the  former 
which  travels  to  the  zincode  of  the  battery  consists  of  SO4;  the 
oocynitrion  of  the  latter  of  NOg.  The  oxysulphion  of  ammonium, 
NH4  + SO4,  would  designate  the  sulphate  of  ammonia  with  one 
equivalent  of  water,  which  is  resolved  by  the  electrolysis  into  the 
compound  anion  and  cation  represented  by  the  formula. 

§ 792.  As  this  theory  is  of  extreme  importance  in  every 
point  of  view,  it  is  desirable  to  test  its  correctness  in  every 
possible  manner;  and  as  the  metals  are  thus  supposed  to  travel 
in  the  voltaic  circuit  in  their  metallic  state,  we  ought  to  be 
able  to  stop  them  as  it  were  in  transitu;  and  this  has  been 
effected  by  placing  two  different  electrolytes  in  the  same 
cell  separated  from  each  other  by  a diaphragm  of  membrane 
which  admits  of  the  physical  separation  of  the  two  liquids, 
but  allows  of  the  passage  of  the  current.  No  substance 
can  be  transferred  by  the  voltaic  force,  as  we  have  already 
stated  (§  78fl)j  beyond  the  point  at  which  it  ceases  to  find 
particles  with  which  it  can  combine ; so  that  if  the  metal  of 
one  electrolyte  should  be  carried  by  the  current  to  the  surface  of 
another  which  could  afford  no  anion  with  which  it  could  enter 
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into  union,  it  would  deliver  up  its  charge  to  the  cation  of  the 
second  electrolyte  and  itself  be  precipitated.  This  hypothetical 
conclusion  was  brought  to  the  test  of  experiment  in  the  follow- 
ing way : — 

§ 793.  A small  glass  bell,  with  an  aperture  at  the  top, 
had  its  mouth  closed  by  tying  a piece  of  thin  membrane  over  it. 
It  was  half-filled  with  a dilute  solution  of  caustic  potassa,  and 
suspended  in  a glass  vessel  containing  a strong  neutral  solution 
of  sulphate  of  copper,  below  the  surface  of  which  it  just  dipped. 
A platinum  electrode,  connected  with  the  last  zinc  rod  of  a 
large  constant  battery  of  twenty  cells,  was  placed  in  the  solution 
of  potassa ; and  another,  connected  with  the  copper  of  the  first 
cell,  was  placed  in  the  sulphate  of  copper  immediately  under 
the  diaphragm  which  separated  the  two  solutions.  The  circuit 
conducted  very  readily,  and  the  action  was  very  energetic. 
Hydrogen  was  given  off  at  the  platinode,  or  the  electrode  which 
dipped  into  the  potassa,  and  oxygen  at  the  zincode  in  the 
sulphate  of  copper.  A small  quantity  of  gas  was  also  seen  to 
rise  from  the  surface  of  the  diaphragm.  In  about  ten  minutes 
the  lower  surface  of  the  membrane  was  found  beautifully  coated 
with  metallic  copper,  interspersed  with  oxide  of  cojjper  of  a 
black  colour,  and  hydrated  oxide  of  copper  of  a light  blue.  Tlie 
experiment  may  also  be  very  conveniently  made  in  the  double 
diaphragm  cell  already  described. 

§ 794.  The  explanation  of  these  phenomena  is  obvious. 
In  the  experimental  cell  we  have  two  electrolytes  separated  by 
a membrane,  through  both  of  which  the  current  must  pass  to 
complete  its  circuit.  The  sulphate  of  copper  is  resolved  into 
its  compound  anion,  oxysulphion,  and  its  simple  cation, 
copper:  the  oxygen  of  the  former  escapes  at  the  zincode,  but 
the  copper  on  its  passage  to  the  platinode  is  stopped  at  the 
surface  of  the  second  electrolyte.  The  metal  here  finds  nothing 
by  combining  with  which  it  can  complete  its  course,  but,  being 
forced  to  stop,  yields  up  its  charge  to  the  hydrogen  of  the 
second  electrolyte,  which  passes  on  to  the  platinode,  and  is 
evolved.  The  corresponding  oxygen  stops  also  at  the  diaphragm, 
giving  up  its  charge  to  the  anion  of  the  sulphate  of  copper. 
The  copper  and  the  oxygen,  tlius  meeting  at  the  intermediate 
point,  partly  enter  into  combination,  and  form  the  black  oxide ; 
but  from  the  rapidity  of  the  action,  tliere  is  not  time  for  the 
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whole  to  combine,  and  a portion  of  the  copper  remains  in  the 
metallic  state,  and  a portion  of  gaseous  oxygen  escapes.  The 
precipitation  of  blue  hydrated  oxide  doubtless  arose  from  the 
mixing  of  a small  portion  of  the  two  solutions. 

The  experiment  was  repeated  with  a smaller  electrolytic 
force,  six  of  the  cells  of  the  small  constant  battery  being  sub- 
stituted for  the  twenty  cells  of  the  large.  The  action  was  of 
course  "much  less  energetic,  and  the  membrane  was  found  thickly 
coated  with  black  oxide  of  copper;  amongst  which,  however, 
spangles  of  metallic  copper  were  plainly  visible.  In  this  case 
there  was  time  for  the  local  affinity  to  act,  and  the  combination 
of  the  copper  and  oxygen  was  nearly  complete. 

Independently  of  the  important  conclusion  which  these  e.v- 
periments  confirm,  namely,  that  in  the  electrolysis  of  a saline 
electrolyte,  the  metal  travels  as  a metal  towards  the  platinode, 
while  all  the  other  constituents  of  the  salt  pass,  as  a compound 
anion,  to  the  zincode,  they  present  the  secondary  action  of  the 
local  affinity  in  striking  contrast  with  the  primary  action  of  the 
current  affinity  in  the  voltaic  battery : all  the  decompositions 
and  recompositions  of  the  latter,  however  varied  and  multiphed, 
are  limited  and  equalized  throughout  the  circuit,  however  long, 
by  the  strictest  laws ; while  the  combinations  of  the  later  vary 
with  every  variation  of  time,  quantity,  and  energy. 

§ 795.  Other  saline  solutions  were  next  submitted  to  the 
same  electrolytic  process,  the  second  electrolyte  beihg  in  every 
case  solution  of  potassa. 

From  nitrate  of  silver,  metallic  silver  was  deposited  in 
abundance  upon  the  membrane,  mixed  with  oxide  of  silver; 
gas  was  also  visibly  disengaged  from  the  diaphragm.  The 
whole  of  the  oxygen  was  not  evolved  at  the  zincode,  a portion 
appearing  to  combine,  by  secondary  action,  with  the  oxide  of 
silver  in  the  nitrate,  and  forming  a peroxide.  It  was  precipitated 
in  fine  acicular  crystals,  which  dissolved  in  nitric  acid  with 
evolution  of  oxygen. 

The  experiment  was  varied  by  placing  the  solution  of  nitrate 
of  silver  in  a small  porous  earthenware  cell,  which,  upon  exa- 
mination afterwards  was  found  studded  with  minute  filaments 
of  silver,  and  coloured  by  the  oxide ; but  this  apparatus  was  not 
found  to  be  so  well  adapted  to  the  purpose  as  the  membrane, 
which,  from  its  thinness,  exhibited  the  results  of  the  necessarily 
superficial  action  to  perfection. 
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Nitrate  of  lead  afforded  similar  results.  Metallic  lead  was 
deposited  upon  the  bladder  with  oxide  of  lead,  and,  as  with  the 
silver,  the  oxygen  was  absorbed  at  the  zincode  with  the  precipi- 
tation of  peroxide  of  lead. 

Protosulphate  of  iron  threw  down  a copious  black  precipitate 
upon  the  diaphragm,  which,  when  examined  with  a lens,  exhi- 
bited bright  metallic  points ; but  oxidation  took  place  so  rapidly, 
after  the  membrane  was  withdrawn  from  the  cell,  that  the 
metallic  lustre  quickly  disappeared. 

With  protonitrate  of  mercury,  not  only  was  the  metal  pre- 
cipitated upon  the  diaphragm,  but  a shower  of  globules  was 
seen  through  the  glass  cell  to  fall  from  it,  forming  a very 
beautiful  appearance. 

§ 796.  The  experiment  with  the  sulphate  of  magnesia 
which  we  have  already  described  (§  786),  was  doubtless  of  the 
same  nature.  It  was,  according  to  this  view,  resolved  into  the 
compomid  anion  SO4  which  passed  to  the  zincode,  and  the 
simple  cation  magnesium;  which,  on  its  passage  to  the  platinode, 
was  stopped  by  the  surface  of  the  water  from  not  finding  any 
ion  by  temporarily  combining  with  which  it  could  be  further 
transferred  according  to  the  laws  of  electrolysis.  At  this  point, 
therefore,  it  gave  up  its  charge  to  the  hydrogen  of  the  water, 
which  passed  in  the  usual  manner  to  the  platinode ; and  the 
circuit  was  completed  by  the  decomposition  of  this  second 
electrolyte.  The  corresponding  oxygen,  of  course,  met  the 
magnesium  at  the  point  where  it  was  arrested  in  its  progress, 
and,  combining  with  it,  magnesia  was  precipitated. 

§ 797*  And  now  we  are  prepared  to  understand  the 
action  of  a voltaic  battery  constructed  by  M.  Becquerel,  in 
which  the  chemical  action  of  metals,  or  of  metals  of  dissimilar 
kinds,  is  whoUy  excluded.  It  consists  of  a cell  divided  into  two 
compartments  separated  by  a porous  diaphragm,  one  of  which 
is  filled  with  a strong  solution  of  potassa,  and  the  other  with 
nitric  acid.  A platinum  electrode  is  dipped  into  each  of  these, 
and  when  connexion  is  made  between  the  two  by  a galvano- 
meter, a strong  current  is  indicated.  This  has  been  attributed 
to  the  slow  combination  of  the  acid  and  alkali,  contrary  to  the 
principles  which  we  have  laid  down,  that  no  current  can  be 
generated  by  combination  alone,  but  admits  of  an  explanation 
much  more  consistent  with  our  general  views. 
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§ 798.  Not  only  are  the  usual  phenomena  produced  with 
tlie  galvanometer,  but  oxygen  is  evolved  on  the  potassa  side, 
and  hydrogen  on  the  nitric  acid  side.  The  former  there  is  no 
difficulty  in  collecting  in  an  inverted  closed  tube;  the  latter 
may  be  recognised  by  its  secondary  action  upon  the  nitric  acid. 
Nitrate  of  potassa  is  of  course  formed  at  the  junction  of  the 
acid  and  alkali.  Now  let  us  recollect  what  nitrate  of  potassa 
is  in  its  electrical  relations : it  is  an  oxynitrion  of  potassium 
NOg  + K.  Aqueo-nitric  acid  is  also  an  oxynitrion  of  hydrogen 
NOg  + H;  and  potassa  is  oxide  of  potassium  KO.  In  their 
local  action  upon  each  other,  the  acid  and  the  alkali  are  both 
decomposed;  the  oxynitrion  of  the  former  combines  with  the 
metal  of  the  latter,  and  the  water  is  formed  by  the  union  of  the 
hydrogen  and  oxygen.  This  water  there  is  no  difficulty  in 
regarding  as  a separate  and  secondary  product,  inasmuch  as 
the  salt  is  incapable  of  combining  chemically  with  it. 

§ 799.  When  a circuit,  however,  is  formed  with  proper 
conductors,  the  compositions  and  recompositions  take  place 
through  a series  of  connected  particles,  as  in  the  manner  of  all 
other  electrolytic  conduction:  and  the  oxygen  and  hydrogen 
instead  of  combining  together,  as  in  the  local  action,  are  respec- 
tively evolved  at  the  zincode  and  platinode  (144). 

§ 800.  In  examining  the  laws  of  electro-chemical  action, 
and  its  consequences,  it  is  very  necessary  to  distinguish  between 
the  primary  and  secondary  character  of  its  decompositions. 
When  a substance  under  decomposition  yields,  at  the  elec- 
trodes, those  bodies,  uncombined  and  unaltered,  which  the 
electric  current  has  separated,  then  they  may  be  considered  as 


(144)  The  following  diagrams  may  perhaps  assist  in  explaining 
the  origin  and  connection  of  the  current. 

6k  6k  OK  I (N  + "eoTH (n  + ooTh  (n  -i-  60)li 

B 

Let  ok  and  (N  -f-  60)  II  represent  the  two  electrolytes  on  the 
opposite  sides  of  the  diaphragm  AB  before  action ; after  action  has 
commenced  they  may  be  represented  thus: 
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primary  results,  even  though  themselves  compounds.  Thus 
the  oxygen  and  hydrogen  from  water,  or  the  chlorine  and  silver 
from  fused  chloride  of  silver,  are  primary  results.  But,  when 
the  substances  separated  by  the  current  are  changed  at  the 
electrodes,  then  they  give  rise  to  secondary  results;  although 
in  many  cases,  the  bodies  evolved  are  elementary. 

These  secondary  results  occur  in  two  ways;  being  sometimes 
due  to  the  mutual  action  of  the  ion  eliminated  and  the 
matter  of  the  electrode,  and  sometimes  to  its  action  upon  the 
substances  contained  in  the  liquid  conductor  itself.  Thus,  when 
carbon  is  made  the  zincode  in  dilute  sidphuric  acid,  carbonic 
oxide,  and  carbonic  acid,  appear  there  instead  of  oxygen;  for 
the  latter,  acting  upon  the  matter  of  the  electrode,  produces 
these  secondary  results;  or,  if  the  zineode  in  a solution  of 
nitrate  of  lead  be  of  platinum,  then  peroxide  of  lead  appears 
there,  equally  a secondary  result  with  the  former,  but  now 
arising  from  an  action  of  the  oxygen  upon  the  protoxide  of  lead 
in  the  solution.  Again : a pure  strong  solution  of  ammonia  is 
so  bad  a conductor  of  electricity,  that  it  is  scarcely  more  decom- 
posable than  pure  water;  but  if  sulphate  of  ammonia  be  added 
to  it,  then  decomposition  takes  place  very  well,  and  nitrogen 
almost  pure  is  evolved  at  the  zincode,  and  hydrogen  at  the 
platinode;  but  this  is  a secondary  result  of  the  action  of  the 
oxygen  upon  the  ammonia  in  the  surrounding  liquid.  On  the 
other  hand,  if  a strong  solution  of  nitrate  of  ammonia  be  decom- 
posed, oxygen  appears  at  the  zincode,  and  hydrogen,  with 
nitrogen,  at  the  platinode.  In  consequence  of  the  interference 
of  such  secondary  actions,  there  is  no  unexceptionable  experi- 
ment which  shows  the  tendency  of  nitrogen,  under  the  influence 
of  the  electric  current,  to  pass  in  either  direction  along  its  course. 

Thus,  in  the  decomposition  of  sulphate  of  soda,  the  acid  at 
the  zincode,  and  the  alkali  at  the  platinode,  are  secondary 
products,  the  former  arising  from  the  decomposition  of  the 
oxysulphion  which  travels  as  a comjiound  anion,  and  the  latter 
from  the  decomposition  of  water,  by  the  sodium  which  travels 
as  the  corresponding  cation. 

§ 801.  Chloride  of  silver  furnishes  a beautiful  instance 
of  the  transfer  of  elements  by  the  concurrence  of  primary 
and  secondary  action.  Upon  fusing  a portion  of  it  upon  a glass 
capsule,  and  bringing  two  silver  eleetrodes  into  contact  with  it, 
there  is  abundance  of  silver  evolved  at  the  platinode,  and  an 
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equal  abundance  absorbed  at  the  zincode,  for  no  chlorine 
escapes,  and,  by  careful  management,  the  platinode  may  be 
withdrawn  from  the  fused  mass,  as  the  silver  is  reduced  there, 
until  a Avire  of  reduced  silver,  or  rather  a bundle  of  crystals,  is 
produced;  at  the  same  time,  the  silver  at  the  zincode  is  as 
rapidly  dissolved  by  the  chlorine  which  seizes  upon  it,  so  that 
the  wire  has  to  be  continually  advanced  as  it  is  melted  away. 
The  whole  experiment  includes  the  action  of  only  two  elements, 
silver  and  chlorine,  and  illustrates,  in  a beautiful  manner,  their 
progress  in  opposite  directions,  parallel  to  the  electric  current, 
which  is  for  the  time  giving  a uniform  direction  to  their  mutual 
affinities. 

§ 802.  We  have  seen  reason  to  infer  that  bodies  may 
differ  in  facility  of  decomposition  by  the  voltaic  current,  accord- 
ing to  the  condition  and  intensity  of  their  ordinary  chemical 
affinities:  for  iodide  of  potassium  can  be  decomposed  by  the 
current  of  a single  pair  of  zinc  and  platinum  plates,  immersed 
in  acidulated  water,  although  water  and  aqueo-sulphuric  acid 
resist  the  same  action.  Protochloride  of  tin,  when  fused,  yields 
to  the  same  low  degree  of  force,  yielding  perchloride  of  tin  at  the 
anode,  and  tin  at  the  cathode.  Fused  chloride  of  silver  is  also 
easily  decomposed  by  the  same  single  circuit;  chlorine  being 
evolved  at  the  anode,  and  brilliant  metallic  silver  at  the  cathode. 

Solution  of  sulphate  of  soda,  fused  nitre,  and  the  fused 
chloride  and  iodide  of  lead,  are  not  decomposable  by  a single 
pair  of  plates  excited  only  by  dilute  sulphuric  acid. 

But  if  a little  nitric  acid  be  added  to  the  electrolyte  of  the 
generating  pair,  all  the  substances  which  have  been  before 
named  as  giving  way,  will  yield  their  elements  much  more 
readily,  and  many  which  before  resisted  electrolyzation  wiU  be 
decomposed.  Thus,  solution  of  sulphate  of  soda,  acted  upon  in 
the  interstices  of  htmus  and  turmeric  paper,  will  yield  acid  at  the 
anode,  and  alkali  at  the  cathode ; solution  of  muriatic  acid 
tinged  by  indigo,  will  give  evidence  of  chlorine  at  the  anode, 
and  hydrogen  at  the  cathode.  Solution  of  nitrate  of  silver  will 
yield  silver  at  the  cathode,  and  fused  nitre,  iodide  and  chloride 
of  lead  will  aU  be  found  decomposable  by  the  same  means. 

The  following  bodies  are  electrolytic  in  the  order  in  which 
they  are  placed;  those  which  are  first  being  decomposed  by  the 
current  of  lowest  intensity: — 
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Iodide  of  Potassium  (solution), 

Chloride  of  Silver  (fused). 

Protochloride  of  Tin  (fused). 

Chloride  of  Lead  (fused). 

Iodide  of  Lead  (fused). 

Muriatic  Acid  (solution). 

Water,  acidulated  with  sulphuric  acid. 

§ 80.3.  As  different  bodies  are  thus  decomposed  with 
very  different  facilities,  and  require  for  their  decomposition 
currents  of  different  intensities,  resisting  some  and  giving  way 
to  others;  so  a current  may  really  pass  through,  and  yet  not 
decompose  an  electrolyte.  The  quantity,  however,  is  so  very 
small  as  to  require  some  management  to  render  it  evident.  By 
leading  a current  from  a single  pair  of  platinum  and  amal- 
gamated zinc  plates,  by  platinum  electrodes,  into  a vessel  of 
acidulated  water,  and  thence  by  a platinum  wire,  resting  by  its 
point  upon  a piece  of  filtering  paper  steeped  in  solution  of 
iodide  of  potassium,  placed  upon  another  platinum  plate,  by 
which  the  circuit  may  be  completed,  it  will  be  found,  by  the 
decomposition  of  the  iodide,  that  the  current  passes.  Such  an 
apparatus  has  been  found  to  be  still  efficient  after  being  in 
action  for  twelve  days,  without  the  sbghtest  sign  of  decompo- 
sition of  the  water  in  the  first  vessel.  Solution  of  sulphate  of 
soda,  substituted  for  dilute  sulphuric  acid,  in  the  second  vessel, 
will  also  conduct  a small  quantity  of  the  force,  sufficient  to 
decompose  a minute  portion  of  the  iodide,  without  itself  jfield- 
ing.  Dr.  Faraday  has  ascertained  by  later  experiments,  that 
solution  of  sulphuret  of  potassium,  and  green  nitrous  acid,  and 
some  other  substances,  are  perfect  conductors  of  currents  of  the 
lowest  tension,  as  we  shall  hereafter  have  occasion  to  mention. 

This  kind  of  conduction  is  similar  to  that  vdiich  is  possessed 
in  the  highest  perfection  by  metals,  and  which  appears  to  be 
common  to  all  bodies,  although  it  occurs  with  infinite  degrees 
of  difference  between  the  metals  and  the  electrolytes. 

When  in  the  apparatus  which  has  just  been  described,  a few 
drops  of  nitric  acid  are  added  to  the  electrolyte  in  the  gene- 
rating cell,  evidence  is  afforded  that  water  is  decomposed  in  the 
second  cell,  in  small  quantities,  by  bubbles  of  gas  appearing 
upon  the  two  electrodes.  Thus  the  proof  is  complete,  that  the 
current  excited  by  dilute  sulphuric  acid,  with  a little  nitric  acid, 
has  intensity  enough  to  overcome  chemical  affinity  exerted 
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betn-een  the  oxygen  and  hydrogen  of  water,  whilst  that  excited 
hy  dilute  sulphuric  acid  alone  has  not  sufficient  intensity. 

§ 804.  Having  thus  explained  the  great  fundamental  law 
of  definite  electro-chemical  action  in  direct  proportion  to  the 
absolute  quantity  of  electricity  which  passes  in  a current,’^  we 
must  pause  to  observe  that  the  electricity  of  the  common 
electrical  machine,  notwithstanding  the  almost  instantaneous 
way  in  wffiich,  from  its  high  intensity,  it  passes  from  one  point 
to  another  during  its  discharge,  must  be  looked  upon  as  in  the 
current  state,  and  as  capable  also  of  producing  electrolytic 
effects  in  proportion  to  its  quantity.  This  quantity,  however, 
by  which  alone  it  can  effect  the  transfer  of  the  different  ions,  is 
almost  inconceivably  small  when  compared  with  that  which  is 
generated  by  the  constant  action  of  the  voltaic  batterj^  It  may 
be  somewhat  retarded  in  its  course  by  causing  it  to  pass  through 
bad  conductors,  as  we  have  seen  (§  355)  by  its  effects  in  firing 
gunpowder,  but  still,  however  rapidly  the  discharges  may  be 
made,  their  course  must  be  always  fitful,  and  unlike  the  equal 
flow  of  the  voltaic  current.  Notwithstanding  this,  it  may  be 
experimentally  shown  that  voltaic  and  common  electricity  have 
powers  of  chemical  decomposition  alike  in  their  nature,  and 
governed  by  the  same  law  of  arrangement. 

§ 805.  Upon  a glass  plate  place  two  pieces  of  tin-foil  at 
a distance  from  each  other,  and  connect  one  of  them  by  an 
insulated  wire  with  a vitreous  conductor  of  the  electrical 
machine,  and  the  other  with  the  ground,  or  with  the  resinous 
conductor.  Place  a piece  of  platinum  wire  in  metallic  com- 
munication with  each  of  them  by  one  end,  and  resting  by  their 
mere  points  upon  the  glass  in  the  interval.  The  points  are 
then  to  be  connected  together  by  any  electrolyte  which  it  may  be 
intended  to  experiment  upon,  and  they  become  the  electrodes 
of  the  arrangement.  When  they  are  made  to  dip  into  a large 
drop  of  muriatic  acid,  coloured  blue  by  sulphate  of  indigo,  and 
the  machine  is  put  into  action,  chlorine  will  be  evolved  upon 
the  point  connected  with  the  vitreous  conductor,  and  will  be 
shown  by  its  bleaching  effects.  If  a drop  of  solution  of  iodide 
of  potassium,  mixed  with  starch,  be  substituted  for  the  muriatic 
acid,  the  evolution  of  iodine  will  be  indicated  at  the  same  point; 
and  when  a drop  of  solution  of  sulphate  of  copper  is  electro- 
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lyzed,  the  evolution  of  hydrogen  will  he  indicated  by  the  pre- 
cipitation of  the  metal  at  the  opposite  electrode  (145). 

§ 806.  The  tension  of  electricity  from  friction  causes  it, 
however  small  in  quantity,  to  pass  through  any  length  of  liquid 
conductors  as  fast  as  it  can  be  produced,  and  therefore,  in 
relation  to  quantity,  as  fast  as  it  could  pass  through  much 
shorter  portions  of  the  same  substances.  With  the  voltaic 
battery  the  case  is  very  different,  and  the  passing  current  of 
electricity  suffers  serious  diminution  in  any  electrolyte  by  con- 
siderable extension  of  its  length.  When  pieces  of  litmus  and 
turmeric  paper  are  placed  each  upon  a separate  piece  of  glass, 
and  connected  by  an  insulated  string,  and  moistened  vdth  the 
same  solution  of  sulphate  of  soda,  the  terminal  points  of 
platinum  wire  resting  upon  the  papers,  alkali  and  acid  appear 
at  the  two  extremities  in  their  proper  places,  and  no  difference 
wiU  be  perceived  between  this  arrangement  and  one  in  which 
the  discharge  would  only  take  place  through  a few  inches  of  the 
same  conductors. 

§ 8O7.  Metallic  communications,  or  electrodes,  are  not, 
in  fact,  necessary  to  determine  the  current  in  these  experiments. 
If  a piece  of  turmeric  paper  and  a piece  of  litmus  paper  be 
joined  together  so  as  to  form  one  pointed  conductor,  moistened 
with  sulphate  of  soda,  and  be  supported  on  wax  between  two 
points,  connected  with  the  two  conductors  of  the  machine,  the 
vitreous  point  being  opposite  the  litmus  paper,  and  the  resinous 
opposite  the  turmeric,  with  an  interval  between  each  of  about 


(145)  This  simple  apparatus  is  represented  below,  a and  h are 
two  pieces  of  tin-foil,  one  of  which  is  connected  by  an  insulated  Avire, 
c,  Avith  the  positive  conductor  of  the  machine,  and  the  other  by  the 
wire,  y,  with  the  ground  or  the  negative  conductor.  Two  pieces  of 
fine  platinum  wire,  bent  as  follows,  are  provided.  The  part,  d is 
nearly  upright,  while  the  whole  rests  upon  the  three  points,  f ef. 
These  are  placed  as  in  the  first  figure,  and  the  points  p and  n become 
the  electrodes  where  the  decompositions  take  place. 
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half  an  inch,  the  evidence  of  polar  decomposition  will  quickly 
appear  upon  worldng  the  machine.  In  this  case,  the  air  itself 
may  be  said  to  constitute  the  electrodes,  the  particles  com- 
municating the  charge  on  one  side,  and  receiving  it  on  the 
other,  after  it  has  performed  its  electrolytic  work. 

§ 808.  Dr.  Faraday  remarks,  that  it  is  wonderful  to 
observe  how  small  a quantity  of  a compound  body  is  decom- 
posed by  a certain  portion  of  electricity;  and  he  has  made 
a careful  comparison  of  the  electrolytic  effects  of  electricity 
from  friction,  and  of  voltaic  electricity,  to  show  what  an 
enormous  quantity  of  the  force  is  natmally  associated  with  the 
elements  of  a grain  of  water,  and  is  required  for  its  decom- 
position. Two  wires,  one  of  platinum  and  one  of  zinc,  each 
iVfb  of  an  inch  in  diameter,  placed  ^ths  of  an  inch  apart,  and 
immersed  to  the  depth  of  |-ths  of  an  inch  in  acid,  consisting  of 
one  drop  of  oil  of  vitriol  and  four  ounces  of  distilled  water,  at  a 
temperature  of  60°  Fahrenheit,  and  connected  at  the  other 
extremities  by  a coj^per  wire  18  feet  long,  and  j^th  of  an  inch 
in  thickness,  yielded  as  much  electricity  in  little  more  than 
three  seconds  of  time,  as  a Leyden  battery  exposing  a surface 
of  3500  square  inches,  charged  by  30  turns  of  a plate-glass 
machine,  50  inches  diameter,  in  full  action.  This  quantity, 
though  sufficient  in  its  exalted  state  of  tension  to  have  killed  a 
rat  or  cat  if  passed  at  once  through  its  head,  as  by  a flash  of 
lightning,  was  evolved  by  the  mutual  action  of  so  small  a portion 
of  the  zinc  wire  and  water  in  contact  with  it,  that  the  loss  of 
weight  sustained  by  either  would  be  inappreciable  by  our  most 
delicate  instruments.  By  carrying  out  this  calculation  further, 
it  would  appear  that  800,000  such  charges  of  the  Leyden 
battery  wordd  be  necessary  to  supply  electricity  sufficient  to 
decompose  a single  grain  of  water;  a quantity  which  would  be 
equal  to  a very  powerful  flash  of  lightning;  but  which,  in  an 
infinitely  lower  state  of  tension,  would  be  supplied,  in  three 
minutes  and  three-quarters,  Ijy  an  electric  current  capable  of 
keeping  a platinum  wire  xirth  of  an  inch  in  thickness  red  hot. 

§ 809.  The  disruptive  discharge  of  the  voltaic  battery 
through  air  is  dependent  upon  precisely  the  same  principles  as 
those  of  the  Leyden  battery;  but  the  phenomena  are  modified 
by  the  lower  intensity,  greater  quantity,  and  perpetual  renewal 
of  the  force.  When  passing  between  two  charcoal  points,  its 
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duration  renders  it  the  most  splendid  source  of  light  which  is 
imder  the  command  of  art.  Rarefaction  of  the  medium  through 
which  it  passes,  either  by  heat  or  by  mechanical  means,  pro- 
duces the  same  effects  as  upon  the  common  electric  spark  from 
friction.  When  the  poles  of  a powerful  battery  are  gradually 
separated  after  contact,  the  discharge  takes  place  through  an 
interval  which  increases  with  the  heating  of  the  air  by  the 
ignited  charcoal.  With  the  original  battery  of  the  Royal 
Institution  of  2000  plates,  the  discharge  passed  through  four 
inches  of  air;  and  with  the  constant  battery  of  70  cells,  the 
flame  is  much  more  voluminous,  and  extends  to  the  distance  of 
one  inch. 

It  would,  however,  appear  that  the  air  is  not  the  only  form 
of  matter  which  is  concerned  in  the  phenomena,  but  that 
particles  of  the  solid  electrodes  contribute  to  the  general  effect 
by  convection.  It  is  probable  that  the  superior  brilliancy  of 
the  phenomena  with  charcoal  may  be  owing  to  the  larger 
number  of  its  solid  particles,  which  its  small  cohesion  enables 
it  to  throw  off  in  the  process  (146). 

§ 810.  In  some  experiments  with  a large  battery  con- 
structed by  Dr.  Hare,  the  zincode  was  made  of  plumbago,  and 
the  platinode  of  well-burned  charcoal;  a most  vivid  discharge 
was  produced,  and  fused  particles  of  the  plumbago  were  trans- 
ported over  to  the  opposite  pole,  which  sensibly  increased  in 
length. 


(146)  Some  notion  of  the  appearance  of  the  voltaic  flame,  both  in 
the  air  and  in  vacuo,  may  be  formed  from  the  annexed  sketches.  The 
arched  form  is  owing  to  the  ascensional  force  of  the  heated  air. 
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In  other  experiments  which  were  made  by  the  author  with 
a constant  battery  of  /O  large  cells,  a great  body  of  flame  was 
generated  which  passed  through  a distance  of  about  an  inch, 
and  the  charcoal  of  the  zincode  invariably  presented  a cup- 
shaped cavity,  while  a considerable  protuberance  was  formed 
upon  the  platinode  of  hard  and  brilliant  carbon  with  a mammil- 
lated  appearance.  When  the  zincode  was  of  platinum,  and  the 
platinode  of  charcoal,  the  latter  became  studded  with  globules 
of  fused  platinum ; and  when  this  arrangement  was  reversed,  a 
considerable  protuberance  of  carbon  was  formed  upon  the 
platinum  platinode. 

§ 811.  The  colour  of  the  light  varies  with  the  substances 
between  which  the  discharge  passes.  The  beautiful  effects  pro- 
duced by  the  deflagration  of  thin  metallic  leaves  interposed  in 
the  course  of  the  discharge  are  not  owing  to  the  combustion  of 
the  metals,  tliough  in  some  cases  increased  by  this  cause,  but 
arise  from  a dispersion  of  their  particles  analogous  to  that  of 
the  more  momentary  explosion  of  the  Leyden  battery.  They 
equally,  in  both  cases,  take  place  in  vacuo. 

Gold-leaf  emits  a white  light  tinged  with  blue;  silver,  a 
beautiful  emerald  green  light ; copper,  a bluish  white  light  with 
red  sparks;  lead,  a purple;  and  zinc,  a brilliant  white  light 
fringed  with  red. 

The  disruptive  discharge  of  the  voltaic  battery  will  take  place 
with  great  brilbancy  under  the  surface  of  distilled  water;  some 
electrolytic  effect  will  at  the  same  time  occur,  but  the  greater 
part  of  the  charge  ■will  pass  in  a lirilliant  stream  of  light. 

§ 812.  It  remains  now  that  we  trace  the  passage  of  the 
voltaic  current  through  the  good  conducting  portion  of  its 
circuit;  and  it  cannot  be  doubted  that  the  process  depends 
upon  the  same  condition  of  particles  as  that  which  we  described 
as  preceding  and  accompanying  the  similar,  but  momentary, 
propagation  of  electricity  from  friction. 

As  an  intermediate  link  between  electrolytes  and  conductors, 
we  are  presented  with  a remarkable  substance  in  mlphuret  of 
silver.  When  placed  in  the  circuit  with  a galvanometer,  the 
needle  indicates  a feeble  conducting  power  at  ordinary  tempe- 
ratures; but  on  gently  warming  it,  the  conducting  power  rises 
rapidly  with  the  heat,  till  at  length  the  galvanometer  needle 
jumps  into  a fixed  position,  and  the  sulphuret,  while  still  in 
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the  solid  state,  is  found  conducting  like  a metal.  On  allowing 
the  heat  to  fall,  the  effects  are  reversed.  While  hot,  the  sul- 
phuret  conducts  sufficiently  well  to  afford  a spark  like  a metal. 
Sulphuret  of  lead  and  some  other  sulphurets  are  also  conductors 
of  a similar  kind. 

§ 813.  This  effect  of  heat  is  in  direct  contrast  with  its 
influence  upon  metallic  bodies,  the  conducting  power  of  which 
generally  varies  with  their  temperature,  and  is  lower  in  some 
inverse  ratio  as  the  temperature  is  higher.  If  a fine  wire  of 
platinum  of  four  or  five  inches  in  length  be  placed  in  a voltaic 
circuit,  so  that  the  electricity  passing  through  it  may  heat  the 
whole  of  it  to  redness,  and  the  flame  of  a spirit-lamp  he  apphed 
to  any  part  of  it,  so  as  to  raise  that  part  to  whiteness,  the  rest 
of  the  wire  will  instantly  become  cooled  below  the  point  of 
visible  ignition.  For  the  converse  of  the  experiment  let  the 
wire  be  suspended  in  a loop,  and  the  longer  part  dipped  into 
water,  or  cooled  by  ice,  and  the  other  parts  will  immediately 
become  much  hotter,  and  from  a red  will  rise  to  a white  heat. 

The  effect  of  heat  upon  solid  dielectrics  is  curiously  con- 
trasted with  its  influence  upon  the  conducting  power  of  metals; 
for  if  glass  be  heated  it  becomes  a conductor,  and  incapable  of 
insulating  statical  electricity. 

§ 814.  The  metals  differ  greatly  from  each  other  in  the 
resistance  which  they  offer  to  the  passage  of  the  current;  and  in 
general  it  may  be  stated  that  those,  which  are  the  best  conduc- 
tors of  heat,  are  also  the  best  conductors  of  electricity:  it  is 
therefore  remarkable  that  charcoal,  which  is  one  of  the  worst 
conductors  of  heat,  is  an  excellent  conductor  of  electricit5\ 
It  is  not  easy  to  determine  the  exact  differences  of  the  metals 
by  experiments  which  are  free  from  the  intervention  of  disturb- 
ing causes.  We  have  already  given  (§  342)  a table  of  the 
conducting  powers  of  eight  metals  as  determined  by  Mr. 
Harris,  by  the  discharge  of  electricity  of  friction,  upon  the 
hypothesis  that  they  are  in  inverse  proportion  to  the  heating 
powers.  The  following  table  includes  the  similar  results  of 
the  experiments  of  M.  Becquerel  upon  the'  same  metals  with 
current  electricity.  It  will  be  seen  that  they  do  not  very  mate- 
rially differ  from  the  first,  although  they  were  obtained  by  the 
totally  different  method  of  measuring  the  magnetic  powers  of 
the  current  instead  of  its  calorific  effects. 
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TABLE  XLIV.  Electrical  Conduction. 


Copper 

. 100. 

Platinum 

. 16.4 

Gold  . 

. 93.6 

Iron 

. 15.8 

Silver  . 

. 73.6 

Tin 

. 

. 15.5 

Zinc  . 

. 28.5 

Lead 

. 8.0 

In  experiments  of  this  kind  it  is  necessary  to  attend  to  the 
purity  of  the  metals  j for  it  has  been  ascertained,  particularly 
by  the  experiments  of  Mr.  Harris,  that  the  conducting  power  of 
alloys  is  very  dilferent  from  that  of  their  component  metals: 
an  observation  which  greatly  favours  the  view  of  conduction 
which  refers  it  to  an  action  of  constituent  particles. 

§ 815.  In  consequence  of  its  good  conducting  power,  a 
much  greater  length  of  silver  wire  of  a given  diameter  will  be 
maintained  in  a state  of  incandescence  by  a constant  current, 
than  of  platinum  or  iron ; but  if  a compound  wire  be  made  of 
alternate  short  lengths  of  silver  and  platinum,  the  latter  will 
become  red  hot  while  the  former  remains  cold  (147).  The 
charge  which  passes  freely  along  the  silver  meets  with  resist- 
ance enough  in  the  platinum  to  produce  ignition.  If  a plati- 
num wire  be  passed  through  a vessel  containing  water,  little  of 
the  current  is  diverted  from  its  course,  on  account  of  the  bad 
conducting  power  of  the  liquid  for  electricity  of  such  low  in- 
tensity; and  the  consequence  is,  that  it  may  easily  be  made  to 
boil  by  the  heat  evolved. 

The  law  of  conduction  in  metals,  as  we  have  already  stated 
(§  681),  has  been  determined  by  A'^ery  accurate  experiments  to 
be,  that  for  the  same  metal,  the  power  increases  directly  as  the 
area  of  its  section,  and  inversely  as  its  length. 

§ 816.  It  is  difficult,  if  not  impossible,  to  establish  any- 
thing like  a rigorous  comparison  between  the  results  of  two 


(147)  The  compound  wire  may  be  disposed  between  the  two 
electrodes,  n and  p,  as  shown  in  this  figure.  The  platinum  links, 
P p p p,  become  red  hot  during  the  passage  of  the  current,  Avbile  the 
alternate  silver  links,  s s s s,  remain  dark. 


550 


CONDUCTING  POAVER  OE  SOLUTIONS. 


processes  so  different  as  those  by  which  conduction  is  carried 
on  in  liquids  and  solids;  but  M.  PouiUet  has  determined  that 
the  same  law  is  maintained  for  liquids  contained  in  cylindrical 
tubes.  He  has  also  compared  together  the  conducting  power 
of  different  saline  solutions  so  placed;  the  electrodes  being 
formed  of  the  metal,  the  oxide  of  which  was  in  solution;  but  of 
platinum  for  pure  water.  He  found  that  433  feet  of  platinum 
wire  0.006  inch  in  diameter,  were  equivalent  to  a column  of 
saturated  solution  of  sulphate  of  copper  3^  feet  in  length  and 
0.8  inch  in  diameter.  This  result  makes  the  conductibility  of 
the  platinum  two  million  and  a half  times  greater  than  that  of 
the  solution. 

Then  taking  the  conducting  power  of  a saturated  solution  of 
copper  at  59°,  as  the  standard  of  comparison,  the  power  of  other 


solutions  he  states  to  be  as  follows : — 

Saturated  Solution  of  Sulphate  of  Copper  . . 1 

Ditto  diluted  with  1 volume  of  AA^ater  . . 0.64 

Ditto  ditto  2 volumes  „ • • • 0.44 

Ditto  ditto  4 volumes  • • • 0 31 

Saturated  Solution  of  Sulphate  of  Zinc  . . 0.41 7 

Distilled  AA^ater  ......  0.0025 

Ditto  with  ao^ooth  Nitric  Acid  . . . 0.015 


But  although  some  notion  may  be  formed  from  this  comparison 
of  the  enormous  difference  l)etween  the  resistance  of  a metal 
and  of  an  electrolyte  to  the  passage  of  a current,  it  must  be 
quite  clear,  from  our  previous  investigations,  that  nothing  like 
accuracy  can  be  attributed  to  it. 

APPLICATIONS  OF  ELECTROLYTIC  FORCE. 

§ 817-  An  introduction  to  the  study  of  chemical  philo- 
sophy will  not  be  expected  to  include  the  particulars  of  the 
applications  of  the  science  to  the  progress  of  the  arts ; and  yet 
it  may  not  be  without  its  scope  to  show  how  rapidly  an  exten- 
sion of  scientific  principles  may  bring  forth  the  fruit  of  useful 
applications.  The  invention  of  the  constant  battery  has  already 
effected  much  in  this  way.  It  was  no  sooner  known  that  a 
cui'rent  of  force  of  any  desirable  amount  might  be  kept  up  with 
unvarying  steadiness  for  any  required  time,  at  a very  moderate 
expense,  than  the  idea  was  conceived  of  apjDlying  it  to  various 
manufacturing  purposes.  It  Avas  also  immediately  attempted  to 
convert  it  into  mechanical  force.  A patent  has  even  been  taken 
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out  for  an  electrolytic  engine,  of  which  a working  model  has 
been  constructed,  which  may  readily  be  understood  from  a 
verbal  description.  It  consists  of  a strong  barrel  and  piston 
placed  over  a pair  of  electrodes  abundantly  generating  the  mixed 
gases  from  dilute  sulphuric  acid.  As  the  gases  accumulate 
under  the  piston  they  raise  it,  and  when  it  reaches  the  upper 
part  of  the  barrel  a portion  of  the  current  is  passed  through  a 
small  portion  of  thin  platinum  wire,  properly  disposed  for  the 
purpose,  wdiich  becoming  ignited  fires  the  gases ; and  a vacuum 
being  produced,  the  pressure  of  the  atmosphere  depresses  the 
piston  in  the  barrel;  when  the  process  is  again  renewed.  This 
alternating  motion  taking  place  may,  of  course,  be  easily  com- 
municated to  machinery  of  different  kinds.  It  is  not,  however, 
likely  that  a power  so  derived  from  the  current  will  ever  be  able 
to  compete  usefully. with  the  power  of  heat  acting  by  steam. 
Extraordinarj’^  as  a prediction  to  that  effect  would  have 
sounded  at  the  outset,  it  is  the  fine  arts  which  have  profited 
most  by  the  applications  of  electrolytic  force. 

§ 818.  We  have  seen  that  in  the  voltaic  circuit  the 
metals  travel  and  are  finally  deposited  in  the  metallic  state ; and 
when  no  disturbing  cause  intervenes,  the  substance  of  the  pre- 
cipited  metal  is  perfectly  compact,  and  possesses  all  the  lustre, 
tenacity,  and  malleability,  wdiich  is  due  to  it  in  its  most  perfect 
state ; so  that  it  admits  of  being  stripped  off  the  electrode  in  a 
homogeneous  sheet.  At  times  indeed  the  precipitation  is 
brittle,  granular  or  disintegrated,  but  this  is  only  owing  to  the 
secondary  action  of  hydrogen  upon  the  metallic  solution,  when 
a part  of  the  aqueo-acid  has  been  decomposed  with  the  metallic 
electrolyte ; or  to  a too  rapid  action  of  the  current.  The  per- 
fect manner  in  which  the  metal  obeys  the  law  of  homogeneous 
attraction  as  it  passes  slowly  from  the  influence  of  affinity,  is 
one  of  the  most  convincing  proofs  that  it  is  the  metal  which 
travels  in  the  circuit,  and  that  its  deposition  is  a primary  effect 
of  electrolysis.  So  accurately  does  it  mould  itself  to  the  elec- 
trode that,  almost  in  the  first  sheet  of  copper  which  was  thus 
stripped  off,  the  counterparts  of  the  marks  of  a fine  file  upon 
the  platinum  plate  were  observed : and  here  ends  the  philoso- 
phy of  the  process. 

It  was,  however,  quickly  perceived  that  other  impressions 
than  that  of  a file  might  thus  be  obtained,  and  valuable  appli- 
cations of  the  observation*  arose  at  once  from  independent 
quarters. 
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The  process  of  voUa-typing  consists  in  taking  fac-similes  of 
different  objects  of  art  or  nature  from  properly  prepared  moulds, 
or  in  covering  the  objects  themselves  with  a coating  of  preci- 
pitated metal.  This  application  has  received  an  almost  indefi- 
nite extension  from  the  discovery  of  Mr.  Murray  that  the 
surface  of  any  substance,  even  the  most  perfect  non-conductor, 
may  be  rendered  sufficiently  conducting  for  the  purpose  by  the 
thinnest  conceivable  coating  of  plumbago,  so  that  the  impres- 
sion of  the  finest  engraved  seal  in  wax  may  readily  be  copied 
by  this  process.  The  force  of  a single  circuit  is  ordinarily  the 
best  adapted  to  the  purpose. 

If,  for  instance,  it  be  desired  to  take  the  copy  of  a medal  in 
copper,  a mould  (or  a clichee,  as  it  is  called)  may  be  made  from 
it  in  fusible  metal,  or  in  wax,  or  plaster  of  Paris,  covered  with 
plumbago,  and  connected  by  a copper  wire  with  a rod  or  plate 
of  zinc : a porous  tube,  or  a glass  open  at  both  ends,  one  extre- 
mity of  which  is  tied  over  with  a piece  of  bladder,  is  provided : 
it  is  then  suspended  within  a larger  vessel  filled  with  a solution 
of  sulphate  of  copper,  which  must  be  kept  saturated  during  the 
process.  The  smaller  vessel  is  then  filled  with  dilute  sulphuric 
acid,  into  which  the  zinc  is  immersed,  while  the  mould  is 
plunged  into  the  solution  of  copper;  a simple  circle  is  thus 
formed.  Several  moulds,  if  required,  may  be  connected  with 
the  zinc  at  the  same  time.  When  the  deposited  copper  has 
acquired  sufficient  thickness,  which  will  generally  be  the  case  in 
24  hours,  it  may  be  removed  by  carefully  loosening  its  edge  with 
a knife  and  then  gently  detaching  it  from  the  mould  (148). 

The  best  way  of  providing  for  the  continual  saturation  of 
the  solution  of  the  sulphate  of  copper  is  to  connect  it  by  a 
copper  zincode  with  a battery  series  of  two  or  three  cells,  just 
sufficient  to  overcome  the  extra  resistance  thus  introduced, 
making  the  mould  in  the  solution,  the  platinode  of  the  same 
combination.  In  this  Avay  the  porous  tube  and  zinc  is  dis- 


(148)  A represents  the  acid  holder  with  its 
porous  diaphragm,  n;  b the  vessel  containing  the 
solution  of  sulphate  of  copper;  c the  mould  upon 
which  the  precipitation  of  copper  is  to  take  place, 
and  which  is  connected  by  the  wue  e with  the 
zinc,  z. 
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pensed  with.  The  copper  is  thus  dissolved  at  the  zincode  as 
fast  as  it  is  deposited  at  the  platinode. 

Natural  objects,  such  as  fruits,  leaves,  insects,  &c.,  being 
first  lightly  covered  with  plumbago,  may  thus  be  incrusted  with 
a covering  of  metal,  and  present  the  most  beautiful  appearances. 

The  most  extraordinary  proof  of  the  extreme  delicacy  and 
perfection  of  the  art  of  volta-typing,  consists  in  the  fact  that 
the  inconceivably  minute  tracings  of  a daguerrotype  may  thus 
be  transferred  to  copper,  and  although  the  figures  of  the  objects 
wiU  be  reversed,  the  lights  and  shades  will  correspond  in  the 
most  perfect  manner. 

§ 819.  The  arts  of  plating  in  silver  and  gilding  have  been 
brought  to  the  highest  state  of  perfection  by  the  same  means. 
It  was  not  possible,  by  the  old  processes,  to  plate  finely- 
embossed  work  with  silver,  but  by  this  process,  for  which  Mr. 
Elkington  has  taken  out  a patent,  the  finest  work  in  copper  or 
inferior  white  metals  may  be  covered  with  silver  of  any  thick- 
ness which  may  be  required  : and  it  is  impossible  for  the  most 
practised  eye  to  distinguish  it  from  the  purest  silver. 

The  only  difficulty  consists  in  selecting  the  proper  salt  for 
electrolysis,  and  in  the  proper  adjustment  of  the  low  degree  of 
power  which  is  required.  If  the  process  be  conducted  with  too 
great  rapidity,  the  adhesion  of  the  metals  is  not  perfect,  and  as 
the  noble  metals  are  retained  in  combination  by  low  degrees  of 
affinity,  and  different  salts  differ  in  this  respect,  some  practice 
and  judgment  are  required  to  arrive  at  the  best  results.  The 
solutions  which  upon  the  whole  are  understood  to  answer  best 
for  silver  and  gold,  are  formed  by  boiling  the  oxides  of  the 
metals  in  a solution  of  cyanide  of  potassium  and  pouring  off  the 
solutions,  which  are  then  ready  for  use  ; or  simply  by  adding  the 
solutions  of  the  soluble  salts  of  the  metals  to  the  solution  of  the 
cyanide  as  long  as  the  precipitate  at  first  formed  is  redissolved. 

§ 820.  Another  application  of  the  electrolytic  force  which 
promises  to  be  of  scarcely  less  importance  than  the  last,  consists 
in  volta-engraving ; by  which  upon  the  same  principles,  and  l)y 
the  same  species  of  general  management,  copies  may  be  obtained 
of  the  plates  of  the  first  masters,  of  such  perfection  that  the 
artists  themselves  cannot  distinguish  impressions  from  the 
copies  from  those  from  the  original  plates,  and  speak  of  them 
not  as  of  copies  but  as  their  own  original  works.  There  is  no 
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limit  to  the  number  of  plates  which  may  thus  be  multiplied, 
without  the  least  deterioration  or  damage  to  the  original.  The 
copper  which  is  precipitated  is  found  to  be  of  such  superior 
quality  that  plates  prepared  from  it  are  preferred  by  artists  for 
their  original  work  to  common  copper,  which  it  is  difficult  to 
obtain  of  uniform  quality,  and  consequently  is  very  expensive. 

A process  of  voUa-etching  may  also  be  carried  on  by  placing 
a plate,  etched  upon  a resinous  ground  in  the  usual  way,  at  the 
zincode  of  the  battery  instead  of  the  platinode,  when  the  biting 
in  will  be  performed  by  the  oxysulphion  disengaged  upon  it  more 
sharply  and  much  more  conveniently  than  by  the  usual  action 
of  nitric  acid. 

§ 821.  It  is  impossible  indeed  to  describe  all  the  inge- 
nious applications  which  have  already  been  made  of  the  philo- 
sophic principles  which  have  been  lately  developed  in  this 
branch  of  science ; most  of  which  have  been  brought  to  a degree 
of  perfection  in  two  or  three  years  which  is  truly  admirable. 
The  last  which  we  can  mention  may  perhaps  be  called  volta- 
embossing,  by  which  the  substance  of  copper  plates  is  partially 
thickened,  according  to  the  designs  of  a pattern  stopped  out 
upon  the  plate  with  resinous  grounds,  and  which  are  afterwards 
used  for  printing.  In  this  manner  an  artist  draws  his  design 
upon  a plate  with  prepared  liquids,  submits  it  to  the  battery, 
and  it  is  afterwards  printed  upon  paper,  and  cyhnders  so  pre- 
pared are  now  used  with  great  advantage  in  establishments  for 
printing  cottons. 


XV.  THERMO-ELECTRICITY. 

§ 822.  We  have  seen  that,  when  the  electric  current 
meets  with  obstruction  to  its  course,  the  equilibrium  of  heat  is 
disturbed  even  in  good  conductors ; it  might,  therefore,  have 
been  a priori  expected  that  a disturbance  in  the  equal  flow  of 
heat  would  produce  an  electric  current,  in  such  forms  of  matter 
as  are  capable  of  transmitting  it. 

We  are  indebted  to  Professor  Seebeck  of  Berlin,  for  the 
experimental  confirmation  of  this  conclusion  in  1822,  and  the 
discovery  of  the  phenomena  of  thermo-electricity. 

§ 823.  If  a platinum  wire  be  carefully  soldered  to  the 
two  extremities  of  a delicate  galvanometer,  and  it  be  heated  at 
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any  point  remote  from  the  junctions,  no  disturbance  of  the 
electric  equilibrium  will  be  produced ; from  the  homogeneous 
structure  of  the  wire,  the  heat  will  flow  equally  to  the  right  and 
left  of  the  heated  point.  But  it  will  be  very  different  if  a knot, 
or  a spiral  turn,  be  made  in  the  wire  without  breaking  it ; for 
if  the  focus  of  heat  be  applied  to  the  right  of  such  obstruction, 
an  electrical  current  Avill  be  established  from  right  to  left  and 
will  be  indicated  by  the  needle.  This  must  arise  from  the 
unequal  rate  at  which  the  heat  will  obviously  be  propagated  on 
the  two  sides  of  the  obstructing  mass.  Wires  of  copper  and 
silver  will  act  in  the  same  way,  only  in  a very  inferior  degree. 
The  same  effect  will  be  jiroduced  if  the  wire,  instead  of  being 
continuous,  be  divided,  and  each  end  being  twisted  into  a spiral 
to  increase  the  surfaces,  one  be  heated  red  in  a spirit  lamp,  and 
brought  into  contact  with  the  other.  The  deviation  of  the 
magnetic  needle  will  indicate  as  before,  that  a current  is  passing 
from  the  hotter  to  the  colder  point.  That  these  effects  do  not 
depend  upon  any  chemical  action  of  the  air,  is  proved  by  per- 
forming the  experiment  under  the  surface  of  well  purified  oil, 
under  which  circumstances  the  same  results  will  be  obtained. 

Those  metals  which  possess  a decidedly  crystalline  texture 
present  even  more  marked  electrical  phenomena  from  the 
unequal  propagation  of  heat  in  their  masses.  If  a ring,  or 
rectangle,  be  cast  of  antimony  or  bismuth,  of  the  diameter  of 
three  or  four  inches,  and  of  the  substance  of  about  the  third  of 
an  inch,  and  one  half  of  its  surface  be  kept  cool  by  ice  and  the 
other  heated,  a current  of  electricity  will  be  immediately  esta- 
blished of  sufficient  power  to  affect  the  magnetic  needle  without 
the  assistance  of  a coil. 


§ 824.  These  thermo-electric  effects,  again,  are  very 
much  increased  by  combinations  of  two  metals.  If  a bar  of 
antimony  have  a copper  wire  soldered  to  it,  or  merely  twisted 
round  one  of  its  ends  and  attached  to  the  other  in  the  form  of 
a loop,  when  heated  at  the  contact  of  the  metals  at  one  extre- 
mity, it  will  strongly  deflect  a magnetic  needle  placed  above  or 
below  it  (149). 

It  is  found  that  similar  circuits  may  be  formed  of  combi- 


(149)  a represents  a bar  of  antimony  with  a piece  of  copper  wire 
twisted  round  one  end  of  it,  6,  and  looped  over  the  other  end,  c. 

When  heated  by  the  flame  of  a spirit  lamp 
hfi-mim — -p'c  at  the  contact  of  the  metals  6,  a magnetic 

needle  placed  at  d,  will  be  deflected. 
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nations  of  other  metals,  and  that  they  may  lie  ranged  in  the 
following  order  according  to  their  thermo-electric  efficiency; 
the  most  powerful  combination  being  formed  by  those  metals 
which  are  the  most  distant  from  each  other  in  the  series : — 
bismuth  ; platinum  ; lead  ; tin ; copper,  or  silver ; zinc ; iron  ; 
antimony.  When  heated  together,  the  current  is  found  to 
proceed  from  those  which  stand  last  to  the  first. 

§ 825.  There  can  be  little  doubt  that  the  specific  heat 
and  conducting  power  of  the  metals  must  be  concerned  in  these 
effects;  but  in  comparing  the  tables  of  each,  the  connexion 
does  not  immediately  appear.  Structural  crystalline  arrange- 
ment has  also  much  influence  upon  them.  With  some  combi- 
nations, as  for  example,  zinc  and  silver,  the  current  will  go  on 
increasing  with  the  temperature  to  a certain  point,  248°;  will 
then  become  null,  and,  by  increasing  the  heat,  wall  be  re- 
established in  the  contrary  direction.  This  singular  pheno- 
menon is  most  probably  referrible  to  a change  in  the  arrange- 
ment of  the  particles  of  the  zinc. 

§ 826.  The  different  powers  of  the  currents  from  different 
couples  of  metals,  for  the  same  differences  of  temperature,  may 
be  ascertained  by  forming  a compound  circuit  of  all  those  which 
it  is  wished  to  compare.  All  the  junctions  are  kept  at  the 
temperature  of  melting  ice,  except  that  which  is  to  be  throum 
into  activity,  which  may  be  raised  by  being  plunged  into  hot 
oil.  The  mere  conducting  power  of  the  circuit  thus  remains 
the  same  in  every  experiment,  and  the  results  will  be  strictly 
comparable  with  each  other. 

§ 827.  Similar  circuits  may  also  be  formed,  according  to 
the  experiments  of  M.  Nobili,  with  substances  whose  conduct- 
ing power  is  lower  than  that  of  the  metals.  He  made  small 
cylinders  of  porcelain  clay,  of  the  length  of  two  or  three  inches 
and  three  or  four  lines  in  diameter,  and  wrapped  round  the  ends 
of  each  some  cotton  steeped  in  a conducting  liquid  which  sers'^ed 
to  place  them  in  direct  communication  with  the  galvanometer. 
One  of  the  ends  was  reduced  to  a point,  and  after  heating  it 
red  at  a spirit  lamp,  he  pressed  it  upon  the  cold  extremity  of 
the  other  cylinder,  and  a current  was  established  from  the  hot 
part  of  the  arrangement  towards  the  cold.  This  effect  is  owing 
to  the  mutual  reaction  of  two  portions  of  water  of  different 
temperatures. 
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Tlie  following  table  exhibits  the  quantities  of  the  currents 
for  a difference  of  36°,  of  pairs  of  eight  metals  differently 
arranged ; the  lengths  of  which  were  7-88  inches,  and  their 
diameters  about  two  hundredths.  The  sign  -f  indicates  the 
metal  from  which  the  current  proceeds  : — 


Table  XLV.  Thermo-electric  Powers  of  different  Metallic 

Couples. 


Temp,  of 

Deviation  of 

Intensity  of 

+ - 

Junction. 

Needle. 

Currents. 

68° 

36°.50 

31°.24 

Iron  and  Tin 

+ ■“ 

Copper  and  Platinum  . 

68 

16.00 

8.55 

Iron  and  Copper 

68 

34.50 

27.96 

+ ~ 
Silver  and  Copper 

68 

4.00 

2. 

+ — 
Iron  and  Silver 

68 

33.00 

26.20 

+ ~ 

Iron  and  Platinum 

68 

39.00 

36.07 

+ — 
Copper  and  Tin 

68 

7.00 

3.50 

+ — 
Zinc  and  Copper 

68 

2.00 

1.00 

+ — 
Silver  and  Gold 

68 

1.00 

0.50 

§ 828.  The  thermo-electric  current  may  be  increased  by 
forming  a compound  circuit,  and  arranging  the  pairs  of  metals 
in  a series  of  alternations  analogous  to  those  of  the  voltaic 
pile.  If  three  bars  of  bismuth  with  three  of  antimony  placed 
alternately,  so  as  to  form  the  sides  of  a hexagon,  be  soldered 
together  and  placed  upon  two  supports  in  a horizontal  position, 
one  of  the  sides  being  in  the  magnetic  meridian  with  a com- 
pass-needle below  it,  upon  heating  one  of  the  junctions,  the 
needle  will  be  sensibly  affected.  The  deviation  will  be  consi- 
derably increased  on  heating  two  of  the  alternate  angles  of  the 
hexagon ; and  a still  greater  deviation  will  be  produced  when 
the  heat  is  applied  to  the  three  alternate  angles. 

In  all  these  combinations,  similar  effects  may  be  produced 
by  reducing  the  temperature  of  one  or  more  of  the  junctions  by 


o58 


TH ERM  0-ELEC;TRTC  B ATTJ'JIT ES. 


the  application  of  ice  or  other  means ; and  when  the  action  of 
ice,  on  one  set  of  the  alternate  angles,  is  combined  with  that  of 
flame  on  the  other  set,  the  effect  is  still  more  considerable  (150). 
Upon  multiplying  still  further  the  number  of  alternations,  it  is, 
however,  foimd  that  the  total  effect  is  inferior  to  the  sum  of  the 
effects  which  the  same  elements  could  produce  when  employed 
in  the  formation  of  simple  circuits.  This  is  owing  to  the  low 
state  of  intensity  of  the  current,  which  occasions  great  loss  of 
power,  whenever  it  has  to  traverse  any  considerable  line  of  con- 
ductors even  of  the  most  perfect  kind. 

§ 829.  The  thermo-electric  pile  has  lately  been  applied 
by  Messrs.  Nobili  and  Melloni,  as  a most  delicate  and  accurate 
measure  of  temperature.  Thirty-six  pairs  of  bars  of  bismuth 
and  antimony,  packed  into  a small  compass,  and  having  a very 
delicate  galvanometer  with  two  needles  attached  to  them,  were 
found  to  be  so  sensible  as  to  be  affected  by  the  warmth  of  the 
hand  at  the  distance  of  thirty  feet,  and  an  instrument  con- 
structed upon  this  principle,  with  all  the  necessary  precautions, 
is  applicable  to  a variety  of  delicate  investigations  for  which  any 
of  the  common  thermometers  would  be  totally  insufficient. 

§ 830.  The  thermo-electric  current  will  occasion  con- 
^'ulsions  in  the  limbs  of  a frog,  but  is  inadequate  in  its  primary' 
state  to  effect  any  kind  of  chemical  decomposition. 

§ 831.  M.  Pouillet  has  compared  together  the  thermo- 
electric and  the  hydro-electric  currents,  by  passing  the  latter 
through  a platinum  wire  of  sufficient  length  to  reduce  it  to  an 
intensity  just  sufficient  to  balance  the  former.  In  one  of  his 
experiments  he  found  that  590  feet  of  platinum  wire  '006  inches 
in  diameter,  comprising  the  resistance  of  the  batter)’^  previously 


represent  four  bars  of  antimony  soldered  to  four 
bars  of  bismuth,  b h b b.  If  the  extremities 
at  c be  placed  in  perfect  metallic  communi- 
cation, as  by  the  wires  of  a galvanometer,  and 
j,  the  temperature  of  the  junctions  be  alternately 
raised  and  depressed,  an  electric  current  will 
be  determined  in  the  direction  of  the  arrows; 
which  will  cause  the  deflection  of  a magnetic 
® needle  placed  immediately  over,  or  under,  any 
part  of  the  circuit. 


(150)  a a a a 


a.  b 
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determined  in  this  measure,  were  required  to  reduce  the  current 
from  twelve  pair  of  plates  with  double  coppers  to  an  equilibrium 
with  that  of  one  pair  of  bismuth  and  copper,  in  a circuit  of  65.6 
feet  of  copper  wire  of  0.039  inches  diameter,  with  a difference 
of  76°  Fahrenheit  of  temperature. 

By  calculating,  from  subsequent  experiments,  the  relations 
between  the  electromotive  forces  and  the  resistance,  in  these 
two  cases,  he  ascertained  that  the  hydro-electric  current  had 
an  intensity  114,000  times  greater  than  that  of  a single  pair  of 
bismuth  and  copper,  produced  by  a difference  between  the  two 
junctions  of  1.8°  Fahrenheit. 

§ 832.  We  are  now  prepared  to  examine  more  accurately 
the  effect  which  the  electric  current  produces  upon  the  tempe- 
rature of  good  conductors,  when  it  passes  from  one  metal  into 
another  in  the  same  circuit.  We  have  already  seen  (§  815), 
that  when  traversing  a compound  wire  of  platinum  and  silver, 
the  alternate  links  of  the  former  metal  become  red-hot,  whilst 
those  of  the  latter  remain  dark  and  comparatively  cool : this 
effect  we  ascribed  to  the  difference  of  the  conducting  power  of 
the  two  metals.  If  a weak  current  from  a single  circuit  be 
transmitted  through  a bar  of  equal  lengths  of  bismuth  and 
antimony  soldered  together,  from  the  bismuth  to  the  antimony^ 
heat  is  evolved  at  the  point  of  junction,  but  if  in  the  contrary 
direction,  from  the  antimony  to  the  bismuth,  an  absorption  of 
heat,  and  consequent  depression  of  temperature,  ■will  take  place. 
The  effects  are  appreciable  by  a delicate  thermometer,  the  ball 
of  which  may  be  placed  in  a hole  drilled  in  the  bar  at  the  point 
of  jrmction,  and  it  will  rise  in  the  first  case  80°  Fahrenheit,  and 
sink  in  the  second  6.5°  Fahrenheit.  If  the  bar  be  laid  upon 
melting  snow,  and  a little  water  be  placed  in  the  cavity  made 
for  the  thermometer,  it  will  be  completely  frozen  in  a few 
minutes. 

§ 833.  This  production  of  cold  by  the  voltaic  current 
may  be  demonstrated  also  in  a striking  way  by  the  secondary 
thermo-electric  current  which  it  tends  to  generate.  Let  a bar  of 
bismuth  4^  inches  long,  0.4  inch  square,  and  a similar  bar  of 
antimony,  be  placed  across  each  other  at  right  angles,  and 
mortice  half  their  thicknesses  into  each  other  at  the  place  where 
they  cross,  and  solder  them  together  with  tin.  On  connecting 
two  of  their  ends  with  a galvanometer,  and  sending  a current 
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tlirough  the  others,  a deflection  of  the  needle  will  take  place  on 
one  side  from  the  current  generated  by  the  change  of  tempera- 
ture ; when  the  direction  of  the  current  is  reversed,  the  needle 
will  he  deflected  in  the  contrary  direction,  proving  that  an 
opposite  change  of  temperature  has  taken  place  from  the  reversal 
of  the  current.  That  this  secondary  current  is  not  due  to  any 
diversion  of  the  primary  current,  may  l)e  proA’ed  by  connecting 
the  two  ends  of  the  same  bar  with  the  galvanometer,  and  sending 
the  current  through  the  other  bar,  when  no  effect  will  be  pro- 
duced. 

These  effects  of  what  may,  perhaps,  be  designated  as  electro- 
thermancy  which  we  owe  to  M.  Peltier,  are  the  converse  of 
those  of  thermo-electricity. 

§ 834.  There  is  another  well-established  and  remarkable 
effect  of  the  heating  power  of  the  voltaic  current,  which  is  as 
yet  unexplained.  When  the  conducting  wires  from  the  two 
extremities  of  a powerful  battery  cross  one  another,  and  are 
brought  in  contact,  upon  separating  them  to  a short  distance,  a 
flame  will  appear  between  the  two,  and  the  zincode,  or  electrode 
connected  with  the  conducting  plate  of  the  battery,  will  become 
red-hot,  and  that  connected  with  the  generating  metal  will 
remain  dark,  and  comparatively  cool.  This  effect  is  constant, 
of  whatever  metal  the  conducting  wires  may  be  made. 

§ 835.  The  power  of  fusion  by  the  electrical  flame  is 
greatly  influenced  by  this  circumstance,  and  metals  laid  upon 
charcoal  in  connexion  with  the  zincode,  melt  much  more  readily 
M'hen  the  flame  is  directed  upon  them  from  the  platinode,  than 
when  their  situation  is  reversed.  The  constant  battery  of  /O 
cells  before  referred  to,  completely  fused  the  most  refractory 
metals,  when  thus  disposed : and  platinum,  rhodium,  titanium, 
and  iridium,  were  melted  in  considerable  quantities. 

XVI.  ELECTRO-MAGNETISM. 

§ 83G.  We  must  now  inquire  more  particularly  into  the 
action  and  laws  of  that  magnetic  force  which  we  liave  found 
constantly  accompanying  the  electrical  current,  however  excited, 
and  the  measure  of  which  we  have  already  adopted  as  the 
measure  of  its  associate  force.  We  are  indebted  to  Professor 
CErsted  for  having  laid  the  foundations  of  electro-magnetic 
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science  upon  well-devised  and  convincing  experiments.  The 
apparent  analogy  between  the  phenomena  of  electric  and 
magnetic  induction,  as  well  as  the  uncertain  effects  of  electrical 
discharges,  both  natural  and  artificial,  upon  the  magnetic  needle, 
to  whieh  we  have  already  referred  (§  386),  early  induced  phi- 
losophers to  suspect  an  intimate  connexion  between  their 
causes,  and  various  attempts  were  made  to  establish  such  a 
relation.  Nothing,  however,  satisfactory  had  been  effected  up 
to  the  time  of  the  Ds-nish  philosopher’s  researches.  The  effects 
of  electrical  currents  and  discharges  upon  the  needle  had  always 
been  sought  for  at  the  points  where  the  other  effects  had  been 
produced,  namely,  at  the  poles  or  interruption  of  the  circuit ; 
but  he  found  them  in  the  uninterrupted  current  and  the  closed 
circuit. 


§ 837.  When  a wire,  connecting  the  generating  and  con- 
ducting plates  of  a voltaic  battery,  is  laid  in  a heap  of  iron 
filings,  they  adhere  all  around  it  equally,  and  not  more  towards 
the  extreme  ends  than  at  any  other  part,  and  present  the 
appearance  of  a closely-compacted  layer,  instead  of  that  bristled, 
divergent,  arrangement,  which  characterizes  the  polar  attraction 
of  the  ordinary  magnet.  When  the  circuit  is  broken  in  any 
part,  they  immediately  fall  off  under  the  force  of  gravity. 

The  general  effect  of  the  conducting  wire  upon  the  magnetic 
needle  has  already  been  described  (§  678);  the  latter  is  not 
attracted  by  either  of  its  poles,  as  by  a magnet,  but  tends  to  place 
itself  across  the  wire ; the  direction  of  its  poles  always  having  a 
constant  relation  to  the  direction  of  the  voltaic  current  (151). 


§ 838.  The  conducting  wire  produces  no  effect  upon 
needles  of  brass  or  other  non-magnetic  metals ; nor  on  needles 
of  glass  or  lac  suspended  in  the  same  way  as  the  magnetic 
needle ; but  its  action  is  freely  transmitted  through  glass, 
metals,  wood,  water,  or  resins ; hence  it  is  inferred  that  the 
active  force  is  not  that  which  we  have  distinguished  as  electrical, 
but  agrees  in  character  with  the  magnetical. 


(151)  If  p N represent  the  conducting  wire,  the  posi- 
tion of  the  needle  s n will  depend  upon  its  being  above 
or  below  the  wire.  If,  when  above  the  wire,  the  posi- 
tion of  the  marked  end  w,  be  to  the  right,  when  placed 
below  the  wire,  the  same  end  will  be  directed  to  the 
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§ 839.  Electro-magnetic  elfects  do  not  depend  upon  the 
number  of  the  battery  series,  but  solely  upon  the  quantity  thrown 
into  circulation,  or  the  efficient  size  of  the  conducting  surface. 

Professor  CErsted  early  found  that  a plate  of  zinc,  of  100 
square  inches,  immersed  in  a corresponding  copper  vessel 
containing  dilute  acid,  acted  upon  the  needle  at  the  distance  of 
three  feet,  but  that  when  forty  such  combinations  were  placed 
in  series,  the  effect  was  not  increased.  The  reason  of  this  is 
evident,  since  in  such  an  arrangement  the  metallic  resistance  {r 
in  OhnPs  formula)  is  very  slight  when  compared  with  that  offered 
by  a liquid : if  a very  long  wire  be  introduced  into  the  circuit 
the  resistance  becomes  appreciable,  and  then  a corresponding 
increase  of  the  number  of  cells  em^Dloyed  is  required. 

§ 840.  The  magnetic  force  of  the  conducting  wire  is 
capable  of  acting  by  induction  upon  soft  iron,  and  of  commu- 
nicating a permanent  magnetic  polar  condition  to  bars  of  steel. 
If  needles  be  attached  to  the  wire  in  different  directions,  by  fine 
sdver  wire,  some  parallel,  others  transverse,  above  and  below, 
they  will  all  become  magnetic  when  the  current  is  transmitted. 
Those  which  are  parallel  to  the  wire  will  attract  fibngs  in  the 
same  way  as  the  wire  itself,  but  those  in  a transverse  direc- 
tion wdU  exhibit  each  two  poles.  All  the  needles  which 
are  placed  under  the  wire  will  have  their  poles  in  one  direction, 
while  those  which  are  over  it  will  have  their  poles  in  the  con- 
trary direction.  On  breaking  the  circuit,  the  needles  that  were 
on  the  wire  in  a transverse  position,  will  retain  their  magnetism, 
whilst  those  that  were  parallel  to  it  wiU  be  found  to  lose  their 
force  at  the  same  time  as  the  wire  itself.  The  opposite  action 
of  the  opposite  sides  of  the  wire,  which  we  have  already  found 
to  be  indicated  by  the  magnetic  needle,  is  manifest  in  these 
permanent  effects. 

§ 841.  These  magnetic  actions  are  capable  of  a high 
degree  of  concentration  by  coiling  the  wire  in  such  a way  as  to 
bring  many  portions  of  the  same  side  to  bear  upon  one  point. 
Many  hundred  needles,  fastened  in  a transverse  direction  upon 
the  under  part  of  the  conducting  wire,  would  instantly  be 
magnetized  to  the  same  amount,  and  in  the  same  direction ; but 
if  the  wire  be  twisted  in  the  manner  of  a cork-screw,  so  as  to 
form  a hoUow  spiral,  a needle  placed  within  it  will  cross  it  many 
times  by  its  several  turns,  and  have  the  force  concentrated  upon 
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it,  which  was  iDreviously  dilfused  over  the  wliole  number  of 
needles.  Such  a spiral  conformation  is  denominated  a helix. 
It  will  be  obvious,  upon  a little  reflection,  that,  accordingly 
as  the  circumvolutions  of  such  a helix  are  directed  from  right 
to  left,  or  from  left  to  right,  or  in  the  manner  of  a right-handed 
or  left-handed  screw,  the  upper  or  the  under  side  of  the 
originally  horizontal  wire  will  be  turned  inwards,  and  the  direc- 
tion of  the  accumulated  force  will  vary  accordingly.  To  prevent 
direct  communication  between  the  coils  of  the  wire  in  experi- 
menting with  such  an  arrangement,  the  conducting  wire  should 
be  covered  with  silk ; or  it  may  be  twisted  round  a glass  tube, 
which  substances,  while  they  insulate  the  electric  forces,  are 
freely  traversed  by  the  magnetic.  A steel  needle  placed  in  the 
axis  of  such  a cylinder,  becomes  instantly'  and  permanently 
magnetic,  and,  as  its  two  poles  are  oppositely  acted  upon  by  the 
single  force  of  the  one  side  of  the  wire  which  is  directed  upon 
it,  it  •udll  place  itself  directly  in  the  centre,  where  alone  it  can 
be  in  a state  of  equilibrium  between  the  attraction  and  repulsion 
which  impel  it  in  contrary  directions.  When  disturbed  from 
this  position,  by  being  pushed  nearer  to  one  end,  the  forces 
derived  from  the  turns  of  the  wire  collectively  act  with  more 
power  upon  that  pole  which  is  nearest  to  the  middle  point  of 
the  axis.  They  vdll,  therefore,  prevail  over  those  that  urge  the 
more  distant  pole  in  the  contrary  direction,  and  the  magnet  will 
be  brought  back  to  its  former  position  in  the  centre.  So 
powerful  is  the  action  of  a helix  of  this  description  (15(?),  that,  if 
a small  steel'bar  be  placed  within  it,  and  supported  in  a perpen- 
dicular position,  the  moment  the  connexion  is  made  with  the 


(152)  Let  p n represent  a conducting  wire,  in  which  the  electrical 
current  is  flowing  in  the  direction  of  the  large  dart,  and  the  small 
darts  will  then  exhibit  the  direction  of  the  magnetic  force. 


Fig.  1. 


n fig.  2,  the  same  wire,  p N,  is  shown  coiled  in  a spiral  form 
roun  ^ a glass  tube,  and  it  is  seen  that  the  magnetism  tends  the  same 
way  in  each  convolution,  and  thus  acts  with  concentrated  energy  upon 
e needle  7i  ,y,  placed  in  the  axis  of  the  arrangement. 
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voltaic  battery,  it  will  be  seen  to  start  up,  and  place  itself  in  the 
axis,  remaining  suspended  in  opposition  to  the  force  of  gravity. 
A heavy  body,  thus  hanging  in  the  air,  without  any  visible 
support,  realizes  the  situation  of  the  iron  coffin  of  the  impostor 
Mahomet,  which  is  fabled  to  be  thus  balanced,  without  any 
material  connexion  and  support,  between  two  loadstones. 

§ 842.  It  will  now  be  understood  why,  in  describing  the 
magnetic  effect  produced  by  the  discharge  of  the  Leyden  appa- 
ratus, this  form  of  the  helix  was  adopted  (§  386);  and  in  the 
result  which  has  been  described  will  be  seen  the  confirmation 
of  the  opinion  that  the  electricity  of  the  common  electrical 
machine,  in  the  moment  of  its  discharge,  must  be  regarded  as 
in  the  same  current  state  as  that  of  the  voltaic  battery  (§  804). 
The  intensity  of  the  induced  magnetism  is  found  to  be  propor- 
tional to  the  quantity  of  electricity  transmitted  through  a wire 
in  a given  time,  whatever  the  sonrce  of  that  electricity  may  be, 
and  the  magnetizing  effects  are  produced  nearly  instantaneously. 

The  concentration  of  magnetic  action,  from  a wire  conduct- 
ing a current  of  electricity,  may  be  carried  still  further  by  piling 
the  coils  of  the  helix  one  upon  another,  in  the  same  direction; 
five,  or  six,  or  more  layers  in  succession,  may  thus  be  com- 
pacted together,  and  each  will  add  to  the  effect.  No  limits 
have  been  determined  to  this  accumulation,  provided  the  inten- 
sity of  the  current  be  increased  in  proportion  to  the  increased 
resistance  of  the  wire  by  the  impulse  of  a battery  series.  Tlie 
effect  of  the  outer  coils  is  transmitted  without  any  diminution 
from  the  action  of  those  within;  but  decreases  very  rapidly  with 
the  distance.  This  is  in  conformity  with  the  observation  which 
we  have  already  made  (§  389),  that  the  magnetic  force  acts 
indifferently  through  all  kinds  of  matter. 

§ 843.  Electro-magnetic  induction  also  takes  place  tem- 
porarily in  soft  iron,  and  a very  powerful  magnet  may  be 
obtained  by  bending  a thick  cylinder  of  the  best  metal  into  the 
form  of  a horse-shoe,  and  surrounding  it  with  a coil  of  copper 
wire,  covered  with  a silk  or  other  non-conducting  material. 
When  the  current  of  a moderate-sized  battery  is  transmitted 
through  the  wire,  the  iron  becomes  powerfully  magnetic,  and 
will  support  a very  heavy  weight  by  means  of  a keeper  applied 
to  its  poles,  precisely  in  the  manner  of  a common  horse-shoe 
magnet.  When  the  electric  circuit  is  broken,  all  the  attractive 
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force  ceases,  and  the  weight  falls  to  the  ground.  If,  instead  of 
breaking  the  connexion  with  the  battery,  the  electric  poles  be 
changed  so  as  to  reverse  the  direction  of  the  current,  the  poles 
of  the  magnet  are  changed  with  the  utmost  rapidity.  The 
weight  momentarily  separates  from  them,  but  is  instantly  again 
attracted,  and  sustained  with  the  same  force  as  before.  These 
effects  are  much  increased  by  augmenting  the  numlier  of  coils 
upon  the  iron,  without  extending  the  length  of  the  wire  (153). 
In  an  experiment  made  by  Professor  Henry,  of  the  United  States, 
a horse-shoe  of  iron  was  wound  with  twenty-six  strands  of 
copper  bell-wire,  covered  with  cotton-thread,  thirty-one  feet 
long;  about  eighteen  inches  of  the  ends  were  left  projecting)  so 
that  twenty-eight  feet  only  of  each  actually  surrounded  the 
iron.  The  whole  length  of  the  coil  v^as,  therefore,  728  feet. 
Each  strand  was  wound  on  a little  less  than  an  inch ; in  the 
middle  of  the  horse-shoe  it  formed  three  thicknesses  of  wire, 
and  on  the  ends  it  was  wound  so  as  to  form  six  thicknesses. 
With  a battery  of  five  feet  square,  this  electro-magnet  suspended 
2063  pounds,  or  nearly  a ton  weight. 

In  consequence  of  the  rapid  decrease  of  the  inductive  power 
with  the  distance  at  which  it  acts,  to  which  we  have  already 
adverted  (§  392),  if  two  wires,  carrying  perfectly  equal  currents, 
are  coiled  with,  an  equal  number  of  turns,  one  upon  another, 
round  similar  soft  iron  bars,  the  thinnest  will  have  incomparably 
the  greater  inductive  influence. 

§ 844.  If  the  conducting  wire  of  the  battery,  instead  of 
being  coiled  into  a hollow  helix,  be  bent  into  a flat  spiral,  and 
be  attached  to  one  side  of  a card,  through  which  the  central 
wire  passes,  and  descend  in  a straight  line 
on  the  other  side,  the  opposite  surfaces  will 
present  opposite  polarities,  and  the  arrange- 
ment will  imitate  the  effects  of  a magnet  whose 
poles  might  be  supposed  to  be  situated  in 


(153)  This  figure  represents  the  conducting  wire,  P 
P N,  of  a voltaic  circuit,  covered  with  silk,  to  pre- 
vent metallic  contact,  wrapped  spirally  round  a bar 
of  soft  iron,  bent  into  the  form  of  a horse-shoe. 
While  the  current  is  passing,  the  iron  is  converted 
by  induction  from  the  wire  into  a magnet  exactly 
resembling  the  permanent  magnet  represented  in 
fig.  98,  p.  298. 
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the  centre  of  each  disc.  A wire  of  this  form  will  collect  a 
prodigious  quantity  of  iron  filings,  which,  if  the  rings  are  not 
continued  quite  to  the  centre,  will  arrange  themselves  in  lines 
passing  through  the  open  ring  parallel  to  the  axis,  and  then 
closing  up  as  radii  round  the  centre  (154). 

Surface  magnets  of  very  great  power  may  be  constructed 
upon  this  principle,  by  turning  a spiral  groove  in  a disc  of  soft 
iron,  and  coiling  the  insulated  conducting  wire  within  it. 

It  will  be  understood  that,  in  all  these  cases,  the  direction 
of  the  poles  of  the  arrangements  depends,  first,  upon  the 
direction  of  the  current  with  reference  to  the  axis  of  the  helix, 
and,  secondly,  upon  the  direction  of  the  circumvolutions  which 
compose  it;  or,  in  other  words,  upon  the  position  of  the  con- 
ducting wire  with  regard  to  the  generating  and  conducting 
metals  of  the  voltaic  combination,  and  upon  the  part,  upper 
or  lower  as  the  case  may  be,  whose  action  is  concentrated  by 
the  spiral  folds. 

§ 845.  We  must  now  return  to  a more  particular  exami- 
nation of  the  action  of  the  single  wire  upon  the  magnetic  needle, 
which  is  not  of  the  simple  nature  which  at  first  appears,  but  which 
was  analyzed  by  Dr.  Faraday  with  his  usual  ability.  If  it  be 
placed  in  a perpendicular  position,  and  made  to  approach  towards 


(154)  The  annexed  figure  represents  the  conducting  wire  connecting 
the  zinc  and  copper  plates  z and  c,  which  are  made  to  float  hy  a cork 
in  a hasin  of  dilute  acid,  wound  into  a flat  spiral.  A cuiTent  w'ill 
then  circulate  in  the  direction  of  the  arrows,  and  each  side  of  the 

circle  will  have  the  opposite  properties 
of  two  powerful  magnetic  poles.  One 
end  of  a magnet,  {n  s,)  presented  hori- 
zontally to  its  axis,  will  cause  the  ring 
to  move  toAvards  it,  till  it  reaches  its 
centre,  Avhere  it  Avill  rest  in  a state  of 
equilihrium.  If  the  magnet  he  with- 
drawn, and  its  poles  reversed  and  (the 
ring  being  held  in  its  first  position)  it 
be  passed  half  Avay  through  the  ring, 
the  latter,  Avhen  loosed,  will,  unless 
placed  exactly  in  the  centre,  move 
toAvards  the  pole  Avhich  is  nearest  to  it, 
and  Avhen  clear  of  the  magnet,  Avill  be  first  repelled,  and  then,  turning 
round,  Avill  be  attracted,  and  pass  again  over  the  pole,  and  rest  in 
equilibrio  at  its  centre. 
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one  pole  of  the  needle,  the  pole  will  not  be  simply  attracted  or 
repelled,  but  will  make  an  effort  to  pass  off  on  one  side,  in  a 
direction  dependent  upon  the  attractive  or  repulsive  power  of 
the  pole;  but  if  the  wire  be  continually  made  to  approach  the 
centre  of  motion  by  either  the  one  or  the  other  side  of  the 
needle,  the  tendency  to  move  in  the  former  direction  will  first 
diminish,  then  become  null,  and  ultimately  the  motion  will  be 
reversed,  and  the  needle  will  powerfully  endeavour  to  pass  in 
the  opposite  direction.  The  opposite  extremity  of  the  needle 
viU  present  similar  phenomena  in  the  opposite  directions  (155). 
Dr.  Faraday  drew  the  conclusion  that  the  direction  of  the  forces 
was  tangential  to  the  circumference  of  the  wire;  that  the  pole 
of  the  needle  is  drawn  by  one  force,  not  in  the  direction  of  a 
radius  to  its  centre,  but  in  that  of  a line  touching  its  circum- 
ference; and  that  it  is  repelled  by  the  other  force  in  the  oppo- 
site direction.  In  this  manner,  the  northern  force  acted  all 
round  the  wire  in  one  direction,  and  the  southern  in  the  oppo- 
site. Each  pole  of  the  needle,  in  short,  appeared  to  have  a 
tendency  to  revolve  round  the  wire  in  a direction  opposite  to 
the  other,  and,  consequently,  the  wire  round  the  poles.  Each 
pole  has  the  power  of  acting  upon  the  wire  by  itself,  and  not  as 
connected  with  the  opposite  pole,  and  the  apparent  attractions 
and  repulsions  are  merely  exhibitions  of  the  revolving  motions 
in  different  parts  of  their  circles. 

§ 846.  The  needle,  in  its  usual  mode  of  suspension,  in 
which  the  two  poles  which  are  oppositely  impelled  are  both 
subjected  to  the  action  of  the  same  part  of  the  wire  at  the  same 
time,  cannot,  of  course,  exhibit  these  rotatory  motions ; it  rests 
in  a state  of  equilibrium  between  the  two  forces  across  the  wire; 
but  by  ingeniously  limiting  the  action  of  the  electricity  to  one 


(155)  This  figure  represents  horizontal  sections  of  the  conducting 
wire  in  different  positions  with  regard  to  the  needle,  s N,  balanced  in 


its  centre.  They  are  marked  a or  r,  according  as  they  appear  to 
attract  or  repel  the  adjacent  poles  s and  n;  and  the  arrow  heads  indi- 
cate the  direction  of  the  circular  motions  which  would  result  if  the 
poles  could  be  insulated. 
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2)ole,  Dr.  Faraday  succeeded  in  producing  the  actual  rotation  of 
the  pole  about  the  wire,  and  of  the  wire  about  the  pole.  He 
immersed  a small  magnet,  perpendicularly,  in  mercury,  con- 
fining its  lower  end  to  the  bottom  of  the  vessel  in  which  it  was 
contained ; it  thus  floated,  almost  vertically,  with  one  pole  above 
the  surface : a wire  was  then  fixed,  perpendicularly,  so  as  just  to 
touch  the  mercury  in  the  neighbourhood  of  the  pole,  and  when 
a current  of  electricity  was  transmitted  through  the  wire  from  a 
voltaic  circuit,  the  pole  immediately  began  to  rotate  about  the 
wire.  The  direction  of  the  rotation  depended  upon  the  mutual 
relation  of  the  pole  and  current.  When  the  current  from  the 
zinc  to  the  copper  descended  the  wire,  the  marked  pole  rotated 
from  left  to  right ; the  unmarked  pole  from  right  to  left ; and 
when  the  current  was  reversed,  the  rotation  was  changed  (156). 


(156)  The  following  figures  represent  the  apparatus  by  which  the 
rotation  of  the  pole  of  a magnet  round  the  conducting  wire,  and  the 
corresponding  rotation  of  the  wire  round  the  fixed  pole,  may  be 
exhibited. 


Fig.  1,  A B c represents  a stand,  to  the  perpendicular  part 
of  which,  B c,  is  attached  a horizontal  arm,  a c,  above;  and  below 
another  horizontal  arm  terminating  in  a wooden  ring,  bed,  hollowed 
out  for  the  reception  of  some  mercury,  f f g represent  two  bar  mag- 
nets united  together  by  their  similar  poles  at  g,  where  they  rest  upon 
a pivot.  At  the  centre  of  each  of  the  magnets  is  a small  metallic 
hook  dipping  into  the  ring  of  mercury,  bed,  which  admits  of  the 
revolution  of  the  compound  magnet.  To  the  horizontal  arm,  a e,  is 
fixed  a perpendicular  w-ire,  a b,  in  metallic  communication  with  the 
mercury.  The  apparatus  is  made  to  communicate  with  the  battery 
by  the  mercury  cups,  a and  c.  When  the  current  passes  through 


Fig. 
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When  once  tlie  principle  had  been  illustrated  the  suspension  of 
both  magnet  and  needle  were  varied  by  different  experimenters 
in  many  different  ways : and  even  the  thermo-electric  currents 
excited  in  two  parallelograms  of  silver  and  platinum  wires,  fixed 
across  each  other,  and  heated,  at  the  points  of  junction  of  the 
two  metals,  by  a spirit  lamp,  were  made  to  rotate  under  the 
influence  of  a magnetic  pole. 

§ 847.  When  the  electrical  current  is  made  to  descend 
through  the  upper  half  of  the  magnet  itself,  delicately  resting 
upon  a point,  so  as  to  act  exclusively  on  the  pole  which  is 
situated  in  that  half,  and  is  then  diverted  from  the  lower  half, 
which  may  be  effected  by  copper  wires  projecting  from  the 
centre  and  one  end,  and  dipping  into  circular  grooves  filled  with 
mercury,  the  magnet  will  rotate  with  considerable  velocity  upon 
its  axis. 

§ 848.  The  influence  of  the  pole  of  a magnet  upon  elec- 
trical currents  may  be  exemplified  l)y  liquid  as  well  as  by  solid 
conductors.  By  immersing  the  two  electrodes  of  a voltaic 
battery  into  mercury  contained  in  a shallow  basin,  a magnet, 
held  either  above  or  below  the  line  of  communication,  will 
cause  the  mercury  to  revolve  round  the  points  from  which 
the  currents  diverge.  Even  the  flame  which  is  produced  by 
the  continuous  discharge  of  a powerful  voltaic  battery  between 
two  charcoal  points,  is  obedient  to  the  same  laws;  for  Sir 
Humphry  Davy  found  that  the  arched  stream  of  light,  pro- 
duced by  a battery  of  2000  plates,  was  thrown  into  a rapid 
rotatory  ination  by  the  action  of  the  pole  of  a magnet  placed 
near  it.  A very  pleasing  way  of  showing  this  effect  is  to  make 
a powerful  horse-shoe  magnet  part  of  the  conducting  wire  of  a 
constant  battery  of  a moderate  number  of  cells;  the  flame. 


a b c,  it  acts  upon  the  two  similar  poles  of  the  magnets, yyi  which 
immediately  began  to  rotate. 

Fig.  2,  A B c D is  a stand,  carrying  a circular  mercury  cup,  bed, 
and  an  upright  magnet  in  its  centre,  a b,  terminating  also  in  an  insu- 
lated mercury  cup,^!  A parallelogram  of  wire,  a h g,  is  freely  sus- 
pended upon  a pivot  at  a,  and  its  two  ends,  c a,  are  hooked  in  such  a 
way  as  to  dip  into  the  nng  of  mercury,  which  admits  of  its  free  rota- 
tion. The  communications  with  the  battery  are  made  at  e and /j  and 
the  current  passing  up  one  side  of  the  parallelogram  and  down  the 
other  causes  it  to  rotate. 
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which  may  then  be  drawn  from  one  of  its  poles,  will  rotate  in 
one  direction,  and  that  from  the  other  in  the  opposite. 

§ 849.  The  current  of  electricity,  which  passes  through 
the  cells  of  the  voltaic  battery  itself,  exhibits  the  same  electro- 
magnetic properties  as  those  in  the  conducting  wire,  and  a 
needle  is  affected  by  it  in  the  same  way.  If  a double  cylinder 
of  copper,  of  about  two  and  a-half  inches  diameter,  and  of  the 
same  height,  closed  at  the  bottom,  so  as  to  be  capable  of 
holding  dilute  acid,  be  supported  by  an  arch  of  copper  upon  a 
point  resting  upon  one  end  of  a perpendicular  magnet,  and 
if  a cylinder  of  zinc,  lightly  constructed,  and  dipping  into  the 
cell,  be  supported  by  another  point  upon  the  top  of  the  former, 
both  cylinders  will  freely  turn  upon  their  points.  The  two 
together  wiU  constitute  a single  cell  of  a voltaic  batter)^,  and 
when  filled  with  acid,  an  electric  current  will  pass  from  the 
zinc  to  the  acid,  and  will  ascend  from  the  copper  through  the 
pivot  back  again  to  the  zinc.  The  zinc,  therefore,  is  in  the 
condition  of  a conductor,  conveying  a stream  of  electricity 
downwards,  and  wiU,  consequently,  revolve  under  the  influence 
of  the  magnetic  pole  which  it  surrounds.  The  copper  cylinder, 
on  the  contrary,  is  in  the  situation  of  a conductor  conveying  a 
current  upwards,  and  will  revolve  in  the  contrar}’"  direction. 

§ 850.  Such  a circumferential  action  arising  from  the 
tangential  direction  of  two  opposite  forces  was  whoUy  unknown 
to  the  time  of  Dr.  Faraday’s  discovery.  All  other  knomi  forces 
emanating  from  a jroint  and  exerted  upon  another  point,  act  in 
the  direction  of  a line  joining  these  two  points;  and  such  is 
the  case  with  the  electric  and  magnetic  actions  considered  as 
unconnected. 

§ 851.  Another  general  fact  was  ascertained  by  M.  Am- 
pere soon  after  the  discovery  of  QErsted,  which  tends  to  simplify 
the  problem  by  rendering  the  hypothesis  probable  that  magnetic 
action  is,  in  all  cases,  referrible  to  current  electricity.  When 
two  conducting  wires  are  suspended  in  such  a way  as  to  be 
capable  of  moving  either  towards  or  from  each  other  at  the  time 
that  electric  currents  are  passing  through  them,  they  mutually 
attract  or  repel  one  another,  according  as  the  currents  are 
moving  in  the  same  or  in  opposite  directions.  It  does  not 
matter  whether  the  currents  be  derived  from  the  same  battery 
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or  from  two;  when  they  flow  in  the  same  direction  they  will 
manifest  a mutual  attraction,  when  in  opposite  directions  a 
mutual  repulsion  (157).  This  action  is  variously  modified  when 
the  relative  inclinations  and  positions  of  the  currents  are 
varied. 

When  a slender  steel  wire  is  coiled  into  a helix,  and  placed 
in  the  voltaic  circuit,  it  will  instantly  shorten  itself,  whenever 
a current  is  sent  through  it,  ovung  to  this  mutual  action  of  the 
different  rings  of  the  coil  through  which  the  current  passes  in 
the  same  direction,  and  it  will  recover  its  former  dimensions, 
from  its  elasticity,  the  moment  the  current  ceases. 

§ 852.  M.  Ampere  assumes  the  mutual  attractions  and 
repulsions  of  electric  currents  as  the  fundamental  fact  to  which, 
by  the  help  of  a particular  hypothesis  respecting  the  consti- 
tution of  magnets,  aU  the  other  facts,  not  only  of  electro- 
magnetism but  of  magnetism  also,  are  reducible.  He  supposes 
that  all  bodies  possessing  magnetic  properties,  including  the 
earth  itself,  derive  those  properties  from  currents  of  electricity 
continually  circulating  among  the  particles  of  which  they  are 
composed,  and  having,  with  relation  to  the  axes  of  these  bodies, 
a uniform  direction  of  revolution,  in  planes  perpendicular  to 
those  axes.  We  have  already  seen  (§  844,)  that  the  action  of 
conducting  wires,  rolled  into  the  form  of  a flat  spiral,  produces 


(157)  Let  c D be  an  extended  current  passing  fiom  c to  n,  and 
the  upper  lines  represent  various  positions  of  terminated  currents  or 
closed  circuits,  such  as  are  presumed  to  exist  around  each  particle  of 
the  magnet  itself,  of  which  the  directions  are  marked  by  the  terminal 


arrows.  The  dotted  arrows  will  then  point  out  the  directions  of  the 
resulting  motions.  It  will  be  seen  that  when  the  terminated  current 
is  from  the  line  of  the  extended  current  it  is  urged  to  move  in  the  same 
direction;  but  when  its  current  is  towards  the  extended  current  it  is 
urged  to  move  in  the  contrary  direction. 

It  will  at  once  be  perceived  that  if 
the  motion  of  the  terminated,  current  were 
restricted  to  rotation  round  an  axis  at  one 
of  its  extremities,  as  shown  in  the  an- 
nexed figure,  the  action  of  the  current, 
c n,  would  carry  the  terminated  current, 

A n,  round  the  whole  circumference  of 
the  circle. 
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on  one  side  the  effects  of  a marked  pole,  and  on  the  other  of  an 
unmarked  pole  of  a magnet.  The  action  of  a helix  at  its  two 
extremities,  and  at  some  distance  beyond  them,  is  similar;  and 
if  the  two  ends  of  the  wire  which  has  formed  the  helix,  be  bent 
back  so  as  to  return  in  a straight  course  along  the  axis  till  they 
arrive  at  the  middle  point,  where  they  are  again  bent  at  right 
angles,  so  as  to  pass  out  between  the  coils,  it  may  be  freely 
suspended  in  various  ways,  and  will  completely  imitate  a 
magnetic  cylinder.  Such  an  electro- dynamic  cylinder,  as  M. 
Ampere  has  named  it,  may  be  substituted  in  almost  every  form 
of  experiment  for  a magnet,  whose  properties  it  will  possess 
only  so  long  as  a current  of  voltaic  electricity  is  transmitted 
through  it  (158). 


§ 853.  We  formerly  (§  410)  referred  to  the  hypothesis 
of  magnetic  elements,  which  was  adopted  to  account  for  the 
phenomena  attending  the  fracture  of  a magnet,  and  which  con- 
sidered each  particle  of  magnetized  iron  as  a separate  magnet ; 
in  like  manner  M.  Ampere’s  hypothesis  regards  the  electric 
currents,  to  which  a magnet  owes  its  properties,  as  circulating 
round  each  constituent  particle,  all  of  which  moving  in  the 
same  direction  will  produce  a combined  effect  which  is  equiva- 
lent to  that  of  a circular  current  flowing  uniforml)’^  round  the 
circumference.  If  we  regard  a needle  Avith  its  marked  end 
pointing  to  the  north,  then  the  voltaic  currents  would  ascend  on 
the  western  side,  pass  from  west  to  east  in  the  upper  surface, 
and  descend  on  the  eastern  side:  they  would  circulate,  that  is, 
in  a direction  contrary  to  that  of  the  currents  which  are  sup- 
posed to  produce  the  magnetism  of  the  earth. 


(158)  Such  an  electro-dynamic  cylinder  is  here  represented;  its 


ends,  after  returning  through  the 
coil,  n s,  are  attached  to  the 
wires,  n p,  of  a small  voltaic  cir- 
cuit, consisting  of  a plate  of  zinc, 
surrounded  by  a plate  of  copper, 
and  floating  in  a basin  of  dilute 
acid,  in  which  it  is  free  to  move. 
Such  a spiral  will  spontaneously 
place  itself  in  the  magnetic  me- 
ridian under  the  influence  of  the 
earth’s  magnetism,  and  will  be 
obedient  to  another  magnet 
brought  to  either  of  its  poles. 
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§ 854.  Tlie  principal  effects  of  terrestrial  magnetism  may- 
be imitated  by  distributing  a -wire  round  the  surface  of  an  arti- 
ficial globe  in  a spiral  direction  from  the  equator  to  the  poles, 
the  two  extremities  being  turned  inwards,  and  brought  out  at 
the  two  axes  by  which  the  connexion  may  be  made  with  the 
battery.  A magnetic  needle  properly  suspended  in  different 
situations  near  such  a globe,  will  arrange  itself  in  positions 
perfectly  analogous  to  those  actually  assumed  by  the  dipping 
needle  in  corresponding  regions  of  the  earth. 

The  origin  of  the  currents  which  must,  upon  Ampere’s 
theory,  circulate  in  the  globe  from  east  to  west,  in  planes 
parallel  to  the  magnetic  equator,  may  possibly  be  found  in  the 
action  of  the  solar  rays  on  successive  parts  of  the  torrid  zone^ 
producing  thermo-electric  currents  in  that  direction. 

§ 855.  The  tendency  which  a magnet  and  conducting 
ware  have  to  place  themselves  at  right  angles  to  one  another, 
foUows  from  the  same  hypothesis,  and  may  be  ascribed  to  the 
tendency  of  the  transverse  currents  in  the  magnet  itself  and  in 
the  conductor  to  establish  a parallelism  between  them  (159). 

The  phenomena  of  revolving  motions  produced  by  the 
tangential  force  are  also  easily  explained  upon  the  same  prin- 
ciples; but  we  must  content  ourselves  with  this  brief  indication 
of  a theoiy^  which  has  conferred  immortal  honour  upon  its 
inventor. 

§ 856.  A continued  rotation  of  a different  kind  from 
those  which  we  have  been  hitherto  considering,  may  be  pro- 
duced in  a spur-wheel,  suspended  perpendicularly  between  the 
two  poles  of  a horse-shoe  magnet,  when  a voltaic  current  is 
transmitted  along  its  radius  by  means  of  some  mercury  in  a 
groove,  into  which  the  wheel  is  made  to  dip  to  allow  of  freedom 


(159)  Since  the  electrical  currents  in 
the  magnet,  n s,  must  move  in  planes  per- 
pendicular to  the  axis  of  the  magnet,  their 
magnetic  action  is  transverse  to  the  axis, 
and  tends  to  bring  a straight  conducting 
wire,  p Q,  into  the  transverse  position 
represented  in  the  annexed  figure.  When 
in  this  relative  position,  as  the  adjacent 
currents  move  in  the  same  direction  they 
will  attract  each  other. 
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of  motion.  If  a mere  wire,  condueting  a current,  l)e  suspended 
in  the  same  situation,  it  will  be  attracted  or  repelled  according 
to  the  direction  of  the  current,  the  opposite  poles,  acting  upon 
opposite  sides  of  the  Avire,  concurring  to  give  it  the  same  direc- 
tion. In  either  case  it  will  be  thrown  out  of  the  mercury,  and 
the  circuit  being  thereby  broken,  the  effect  Avill  cease  till  the 
wire  falls  back  by  its  own  weight  and  restores  the  connexion. 
The  current  will  then  be  re-established,  and  the  same  influence 
again  exerted.  If  the  wire  terminate  in  a spur-wheel,  dipping 
by  its  radii  into  the  mercury,  as  one  radius  is  thrown  out  of  the 
mercury,  another  will  enter  it,  and  the  wheel  will  revolve  with 
great  rapidity.  It  is  not  even  necessary  to  divide  the  wheel 
into  rays  in  order  to  produce  the  effect:  for  a circular  metallic 
disc  will  revolve  equally  well,  when  it  is  traversed  by  an  elec- 
trical current  passing  into  mercury  between  the  poles  of  the 
magnet. 


§ 857.  The  voltaic  current  may  be  influenced  by  the 
earth’s  magnetism  precisely  in  the  same  way  as  by  a permanent 
magnet,  or  an  electro-dynamic  cylinder,  and  wires  delicately 
suspended  have  been  made  to  exhibit  all  the  phenomena  of 
attraction,  repulsion,  direction,  and  rotation,  by  its  action, 
although  but  feeble.  ^ 

APPLICATIONS  OF  ELECTRO-MAGNETIC  FORCE. 

§ 858.  The  knowledge  of  these  curious  rotations  com- 
bined with  that  of  the  enormous  powers  of  attraction  which  are 
capable  of  being  developed  by  electro-magnets,  early  stimulated 
the  activity  of  the  speculators  in  mechanical  force  and  loco- 
motive machines;  and  nothing  less  has  been  dreamt  of  by  some 
than  the  suppression  of  steam  as  a generator  of  mechanic 
power.  An  immense  amount  of  ingenuity  has  been  expended 
in  the  construction  of  engines  and  machines  wdth  this  view; 
some  of  which  have  assumed  a most  promising  form  till  a strict 
inquiry  in  an  economical  point  of  view"  has  dispelled  the  illusion 
which  they  were  calculated  at  first  to  produce.  In  viewing  the 
enormous  weight  Avhich  may  be  suspended  from  soft  iron  by 
a very  small  expenditure  of  chemical  force,  the  rapid  diminution 
of  the  inductive  force  w"ith  the  distance  Avhich  can  alone  render 
it  available  as  a motive  power  has  very  often  been  lost,  sight  of. 
In  this  respect  the  attraction  between  soft  iron  and  a magnet 
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more  resembles  cohesion  than  any  other  force;  but  still  there  is 
a residual  power  at  a distance  which  may  he  applied  to  very 
valuable  purposes. 

One  of  the  most  ingenious  models  of  an  electro-magnetic 
engine  is  that  of  Professor  Wheatstone,  who  has  introduced  a 
new  principle  in  the  construction  of  electro-magnetic  engines. 
In  electro-magnetic  engines  as  usually  constructed  the  acting 
surfaces  of  the  electro-magnets  and  those  of  the  armatures  are 
in  two  concentric  circles;  one  of  which  is  fixed  and  the  other 
in  motion.  In  Mr.  Wheatstone’s  engines  the  acting  surfaces  of 
the  armatures  are  not  concentric  with  those  of  the  magnets,  but 
form  portions  of  circles  eccentric  to  that  in  which  the  magnets 
are  placed.  By  this  modification  the  armatures  are  constantly, 
during  the  existence  of  the  attraction,  in  presence  of  the 
magnets,  and  in  very  close  proximity  with  them,  whereby  the 
motion  is  rendered  more  energetic  and  less  abrupt.  The  figure 
below  (160)  represents  an  engine  on  this  principle,  in  which 

(160)  The  following  figure  represents  this  electro-magnetic 
engine,  a a is  the  axis  of  motion  of  the  engine;  a crank  fixed  to  this 
axis  carries  at  its  other  extremity  the  centre  of  a wheel,  the  circum- 
ference of  which  consists  of  a broad  ring  of  soft  iron.  Eight  double 
branch  electro-magnets,  1,  2,  3,  &c.,  are  placed  so  that  their  poles  are 
arranged  in  a circle  concentric  with  the  axis  a,  and  consequently 
eccentric  to  the  w'heel ; the  magnets  are  placed  equally  distant  from 


each  other,  and  the  opposite  poles  of  each  are  situated  so  that  the  line 
joining  them  is  parallel  to  the  axis  a.  d r/  is  a ring  of  brass  or  copper 
to  which  is  attached  all  the  corresponding  ends  of  the  insulated  wires 
of  the  electro-magnets,  while  the  other  ends,  e e,  of  the  wires  are 
attached  each  to  a spring  x,  insulated  from  every  other  metallic  part 
of  the  engine,  c z are  two  wires  which  proceed  to  the  two  ends  of  a 
voltaic  battery;  c is  attached  to  the  metal  ring  cl,  and  z is  connected 
with  any  metallic  pai't  of  the  engine  having  an  immediate  conducting 
communication  with  the  axis  a.  Supposing  the  wires  c z to  be  con- 


576 


APPLICATIONS  OF 


eight  electro-magnets,  acting  separately  in  succession,  and  one 
eccentric  armature  is  employed ; Mr.  Wheatstone  has  con- 
structed another  model,  which  produces  the  same  effect,  in 
which  two  magnets  acting  alternately  and  four  eccentric  arma- 
tures are  employed;  he  is  now  constructing  an  engine  of  much 
greater  power,  which  will  consist  of  eight  electro-magnets  and 
fbur  eccentric  armatures,  and  which  will  have,  in  the  same  space, 
four  times  the  power  of  either  of  the  preceding  arrangements. 

§ 859.  But  the  applications  which  Professor  Wheat- 
stone has  made  of  the  almost  instantaneous  transmission  of 
this  wonderful  power  to  unhmited  distances  to  telegraphic  pur- 
poses are  far  more  perfect,  ingenious,  and  practically  useful 
than  any  thing  which  has  yet  been  contrived  for  the  concen- 
trated action  of  the  force.  Like  the  daguerrrotype  and  the 
voltatype  they  have  sprung  from  scientific  principles  at  one 
leap  to  perfection.  It  is  not  difficult  to  foresee  that  these 
modes  of  distant  communication  will  rank  ere  long  amongst 
the  necessary  conveniences  of  a highly-civilized  community. 
Professor  Wheatstone,  in  conjunction  with  Mr.  Cooke,  has  taken 
out  patents  for  these  valuable  inventions,  and  under  the  super- 
intendence of  the  latter  gentleman  a telegraphic  line  of  14  miles 
has  already  been  laid  down  upon  the  Great  Western  Railroad. 

Ingenious  as  Professor  Wheatstone’s  contrivances  are,  they 
would  have  been  of  no  avail  for  telegraphic  purposes  without 
the  investigation  which  he  was  the  first  to  make  of  the  laws  of 
electro-magnets  when  acted  on  through  great  lengths  of  wire. 
Electro-magnets  of  the  greatest  power,  even  when  the  most 
energetic  batteries  are  employed,  utterly  cease  to  act  when  they 
are  connected  by  considerable  lengths  of  wire  with  the  battery, 
and  the  apparent  hopelessness  of  immediately  employing  them 


nected  with  the  battery  at  the  instant  the  eccentric  wheel  is  in  the  posi- 
tion represented  in  the  figure,  then  because  its  circumference  presses 
against  the  spring  s 6,  the  ciu’rent  will  pass  through  the  electro-magnet 
6,  and  the  circumference  of  the  wheel  will  be  attracted  until  it  comes 
nearly  in  contact  with  it;  at  this  instant  the  circumference  will  bear 
against  the  spring  s5  quitting  the  spring  ^ 6,  and  the  cuiTent  will  there- 
fore he  transferred  to  the  wire  of  the  electro-magnet,  5,  and  in  a 
similar  manner  the  cun-ent  Avill  he  successively  transferred  through 
all  the  eight  electro-magnets,  and  the  revolution  of  the  axis  a be  con- 
tinued so  long  as  the  electric  current  produced  by  the  battery  continues 
to  act.  In  the  drawing  the  eccentricity  of  the  moving  wheel  is  con- 
siderably exaggerated. 
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for  telegraphic  communications  induced  liim  at  first  to  have 
recourse  to  secondary  means  of  bringing  their  attractive  power 
into  action,  which  were  attended  with  many  inconveniences. 
He  is  at  present,  however,  enabled  to  work  the  instrument 
about  to  be  described  through  circuits  of  many  miles  in  extent 
by  batteries  of  very  inconsiderable  dimensions. 

§ 860.  The  battery  which  Professor  Wheatstone  generally 
employs  is  a slight  modification  of  the  constant  battery.  Each 
element  consists  of  a porcelain  cell,  two  inches  square  and  one 
inch  and  a half  high,  in  the  centre  of  which  is  placed  a small 
porous  cylinder,  one  inch  in  diameter,  filled  with  a liquid 
amalgam  of  zinc,  the  space  between  the  porcelain  and  porous 
cells  being  charged  with  a solution  of  sulphate  of  copper;  a 
slip  of  thin  sheet  copper  bent  round,  and  having  one  of  its 
edges  cut  and  turned  over  to  dip  into  the  mercury  of  the  next 
cell,  is  placed  in  the  solution.  A battery  formed  of  half  a dozen 
elements  of  such  inconsiderable  dimensions  is  sufficient  to  work 
the  telegraph  through  a circuit  of  several  miles  in  length.  For 
longer  distances  a greater  number  is  required,  but  it  is  never 
necessary  to  have  them  larger ; this  arises  from  the  size  of  the 
elements  merely  affecting  the  resistance  of  the  circuit,  whilst  the 
number  affects  the  electromotive  force. 

§ 861.  It  would  be  impossible  here  to  enter  at  any  length 
into  the  investigations  which  have  led  Professor  Wheatstone  to 
these  valuable  practical  'consequences ; they  are  founded  upon 
Ohm’s  theory  of  the  voltaic  circuit,  and  the  following  are  the 
principal  results. 

The  energy  with  which  an  electro-magnet  acts  depends  upon 
three  circumstances : it  is  directly  as  the  electromotive  force ; 
inversely  as  the  resistances  in  the  circuit ; and  directly  as  the 
number  of  coils  which  surround  the  soft-iron  bars.  Hence,  on 
increasing  the  number  of  coils  of  An  electro-magnet  the  'effect 
is  proportionately  augmented  in ; but  it  is  also  diminished- 
in  consequence  of  the  additional  resistance  arising  from  the 
increased  length  of  the  wire.  When  the  resistance  in  the 
other  parts  of  the  circuit  is  small,  increasing  the  number  of 
coils  adds  more  to  the  total  resistance  than  it  multiplies  the 
effect  of  the  current  on  the  electro-magnet,  and  the  result  is  a 
diminished  action  ; whereas,  when  the  other  resistances  are  very 
considerable,  as  is  obviously  the  case  when  several  miles  of  wire 
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are  employed  to  form  the  communication,  when  additional  coils 
are  wound  round  the  magnet,  the  added  resistance  forming  a 
very  inconsiderable  part  of  the  total  resistance,  diminishes  the 
elFect  in  a very  trifling  degree,  while,  on  the  other  hand,  this 
effect  is  greatly  augmented  by  the  multiplying  action  of  the 
coils.  Hence  the  paradoxical  result  that  the  very  circumstances 
which  diminish  the  effect  of  an  electro-magnet  in  a short  circuit 
greatly  increase  that  of  one  in  a circuit  of  very  considerable 

length.  Professor  Wheatstone’s 
electro-magnets  are,  in  conformity 
with  these  rules,  of  very  small  di- 
mensions, and  wound  round  with 
very  considerable  lengths  of  fine 
insulated  wire,  and  the  length  and 
thinness  of  the  wire  is  propor- 
tionally increased  according  to  the 
distances  through  which  the  in- 
struments have  to  work.  Fine 
wire  is  employed  because,  though 
the  resistance  is  increased  thereby, 
this  disadvantage  is,  when  the  other 
resistances  are  very  great,  far  more 
than  counterbalanced  by  the  addi- 
tional number  of  coils  which  occupy 
a given  space. 


(161)  The 


annexed  Avood-cut, 
though  it  repre- 
sents neither  the 
most  efficient  nor 
the  most  complete 
form  of  Professor 
Wheatstone’s  in- 
struments, has 
been  preferred  as 
affording  an  ex- 
planation of  the 
general  principles 
of  the  invention 
in  a more  simple 
Avay,  and  vdth  less 
reference  to  the 
accessory  details, 
than  would  other- 
wise be  possible. 
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§ 8G2.  The  knowledge  of  these  facts  has  enabled  Professor 
\\dieatstone  not  only  to  construct  efficient  telegraphs  acting  by 


w w is  an  electro-magnet,  consisting  of  two  soft  iron  cylinders 
two  inches  long,  and  half  an  inch  in  diameter,  round  which  is  coiled  a 
considerable  quantity  of  fine  copper  wire  covered  with  silk,  the 
extremities  of  which  wire  are  connected  with  the  communicating 
wires  v v',  which  proceed  from  station  to  station  of  the  telegraphic 
line.  When  an  electric  current  is  transmitted  through  the  communi- 
cating wires,  the  soft  iron  cylinders  become  magnetic  and  attract  the 
armature,  a,  but  immediately  the  current  is  discontinued  the  attraction 
ceases,  and  the  armature  recedes  in  consequence  of  the  reaction  of  the 
spring,  m.  By  alternately  making  and  breaking  the  circuit,  therefore, 
the  armature  is  caused  to  move  backwards  and  forwards.  This  alter- 
nate motion  in  opposite  directions  is  converted  into  an  intermitting 
circular  motion  in  a single  direction  by  means  of  the  drivers  c and  d ; 
the  driver  d jjulling  the  tooth  of  the  wheel  h,  when  the  attraction 
takes  place,  and  c pushing  it  when  the  attraction  ceases  and  the 
spring  7«  is  allowed  to  re-act,  so  that  the  wheel  h,  and  consequently 
the  paper  disc  or  dial,  advances  a step  whenever  the  attraction  either 
acts  or  ceases.  On  the  circumference  of  the  dial  the  letters  of  the 
alphabet  are  placed,  and  the  number  of  these  characters  must  obvi- 
ously be  double  the  number  of  teeth  in  the  wheel ; in  the  present 
instance  twenty-four  are  represented.  The  instrument  is  inclosed  in  a 
case,  (not  shown  in  the  drawing,)  and  a brass  plate,  (also  omitted,) 
placed  immediately  before  the  dial,  has  a small  aperture  cut  in  it,  which 
allows  a single  character  only  to  be  seen  at  a time ; any  required  letter 
may  be  brought  to  this  aperture  by  disconnecting  and  completing  the 
circuit  a corresponding  number  of  times.  This  part  of  the  telegraphic 
apparatus  may  be  called  the  indicator;  another  equally  essential  part, 
the  communicator,  remains  to  be  described. 

The  communicator  consists  of  a brass  circle  moving  freely  in  con- 
tact with  a brass  pillar,  /;  the  circumference  of  this  circle  has  twelve 
notches  cut  into  it,  which  are  filled  with  pieces  of  ivory  or  hard  wood, 
so  that  it  presents  equal  alternations  of  a conducting  and  a non- 
conducting substance.  Against  this  circumference  a spring  g presses, 
and  another  spring  k bears  against  an  ivory  ring,  which  has  one  piece 
of  brass  on  its  circumference  in  metallic  contact  with  the  circle.  The 
four  binding  screws  are  connected  by  short  wires,  1 with  2,  2 with 
the  spring  /e,  3 with  the  pillar /J  and  4 with  the  spring  g.  The  two 
wires  of  the  battery,  z c,  are  connected  with  the  binding  screws,  1 and 
4,  and  the  communicating  wires  with  2 and  3.  The  upper  surface  of 
the  circle  is  marked  with  characters  corresponding  with  those  of  the 
dial,  and  24  radial  pins  provided  for  the  convenience  of  turning 
it  with  the  finger,  and  a stoj),  s,  is  placed  in  order  that  the  finger 
applied  to  any  one  of  the  spokes  shall  not  turn  the  circle  beyond  a 
certain  point. 

When  everything  is  at  rest,  and  the  mark  -f-  is  opposite  the  stop 
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electro-magnets,  but  to  dispense  with  the  secondary  means 
which  he  formerly  thought  necessary  to  produce  certain  effects, 
such  as  to  make  a bell  ring,  &c.,  which  he  is  now  able  to  effect 
by  the  direct  action  of  the  current.  Each  telegraphic  apparatus 
is  provided  with  such  a bell  or  alarm,  which  is  rung  by  the 
operator  to  call  the  attention  of  his  correspondent ; the  current 
transmitted  through  the  same  circuit  both  rings  the  bell  and 
works  the  telegraph. 

§ 863.  We  can  only  further  briefly  allude  to  two  of  the 
most  important  modifications  of  his  invention  which  Professor 
Wheatstone  has  made  for  specific  purposes.  1.  By  substituting 
for  the  paper  disc  on  the  circumference  of  which  the  letters  are 
printed  a thin  disc  of  brass  cut  from  the  circumference  to  the 
centre,  so  as  to  form  four-and-twenty  springs,  on  the  extremi- 
ties of  which  types  or  punches  are  placed,  and  adding  a me- 
chanism the  detent  of  which,  acted  on  by  an  electro-magnet, 
causes  a hammer  to  strike  the  punch  against  a cylinder,  round 


s,  the  spring  g rests  against  a conducting  division  of  the  circumference 
of  the  circle,  and  the  spring  k on  the  single  piece  of  brass  on  the  ivory 
circle.  By  this  disposition  the  battery  is  cut  off  from  the  circuit, 
whilst  the  circuit  itself  remains  completed,  in  order  that  no  impedi- 
ment shall  exist  to  a communication  being  made,  through  the  same 
wires,  from  the  other  extremity  of  the  telegraphic  line.  On  turning 
the  circle  the  spring  g passes  alternately  over  conducting  and  non- 
conducting divisions,  and  the  circuit  is  correspondingly  completed  and 
internipted.  The  proper  adjustments  being  made,  whenever  a letter 
is  brought  opposite  to  the  fixed  stop  by  applying  the  finger  to  its 
corresponding  spoke,  the  same  letter  appears  on  the  dial  of  the  indi- 
cator, however  distant  they  may  he  from  each  other. 

Professor  Wheatstone  has  contrived  various  means  of  converting 
the  reciprocating  motion  of  the  armature  into  the  intermitting  circular 
motion  of  the  dial.  But  for  instruments  required  to  act  through  very 
great  lengths  of  wire  he  has  adopted  the  following  plan.  The  Avheel 
h is  connected  with  a train  of  clock-work  actuated  by  a spring  or 
weight  which,  were  there  no  impediment,  would  give  a continued 
rapid  rotatory  motion  to  the  wheel ; and  an  alternating  piece,  similar 
in  its  action  to  the  anchor  of  an  escapement,  allows  the  wheel  to 
advance  through  the  distance  of  half  a tooth  when  the  armature  is 
either  attracted  or  falls  back  by  the  reaction  of  the  spring.  By  this 
substitution  of  an  escapement  for  a simple  propelincnt  the  instrument 
is  enabled  to  work  with  a much  weaker  current,  as  it  requires  less 
force  to  allow  the  wheel  to  escape  than  to  impel  it  into  motion, 
especially  when  any  mechanical  resistance  has  to  be  overcome. 
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wliicli  are  rolled  alternately  several  sheets  of  white  paper  and 
of  the  blackened  paper  used  in  the  manifold  writing  apparatus, 
he  has  been  enabled  to  obtain,  without  presenting  any  resist- 
ance to  the  type  wheel,  several  distinct  printed  copies  at  the 
same  time  of  the  message  transmitted.  2.  He  has  applied 
the  principles  of  the  telegraph  described,  to  enable  the  time  of 
a single  clock  to  be  shown  simultaneously  in  a great  number  of 
places,  or  in  other  words  to  telegraph  time  instead  of  messages. 
For  this  purpose  the  wheel  for  making  and  breaking  the  circuit, 
instead  of  being  turned  by  the  finger,  as  in  the  telegraph,  is 
made  extremely  light,  and  is  carried  round  by  the  arbor  of  a 
clock,  while  a hand  pointing  to  the  time  on  a fixed  dial,  is 
moved  by  precisely  the  same  means  as  the  dial  of  the  telegraph. 


XVII.  MAGNETO-ELECTRICITY. 

§ 86i4.  The  phenomena  of  electro-magnetism  are  pro- 
duced by  electricity  in  motion ; accumulated  electricity,  when 
not  in  motion,  exerts  no  magnetic  effects.  Dr.  Faraday  early 
felt  convinced  that  ‘‘  as  every  electric  current  is  accompanied  by 
a corresponding  intensity  of  magnetic  action  at  right  angles  to 
the  current,  good  conductors  of  electricity,  when  placed  within 
the  sphere  of  this  action,  should  have  a current  induced  through 
them,  or  some  sensible  effect  produced,  equivalent  in  force  to 
such  a current.’^  These  considerations,  with  their  consequence, 
the  hope  of  obtaining  electricity  from  ordinary  magnetism, 
stimulated  him  to  investigate  the  subject  experimentally,  and  he 
was  rewarded  by  an  affirmative  answer  to  the  question  proposed. 
He  thus  became,  like  CErsted,  the  founder  of  an  entirely  new 
branch  of  natural  philosophy. 

§ 8G5.  If  a wire  connecting  the  two  ends  of  a delicate 
galvanometer  be  placed  parallel  and  close  to  the  wire  con- 
necting the  poles  of  a voltaic  battery,  no  effect  will  be  produced 
upon  the  needle,  however  powerful  the  current  may  be.  If  the 
points  opposed  in  the  two  wires  be  multiplied  by  coiling  the 
one,  as  a helix,  within  the  convolutions  of  the  other  coiled  in 
the  same  way,  both  being  covered  with  silk  to  prevent  metallic 
contact,  still  no  effect  will  be  discernible  so  long  as  the  current 
is  uninterrupted.  When,  however,  the  current  of  the  battery 
is  stopped  by  breaking  the  circuit,  the  needle  is  momentarily 
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deflected,  as  by  a wave  of  electricity  passing  in  the  same  direc- 
tion as  that  of  the  main  current.  Upon  allowing  the  needle  to 
come  to  a state  of  rest,  and  then  renewing  the  contact,  a similar 
impulse  wiU  be  given  to  it  in  the  contrary  direction.  While 
the  current  continues,  the  needle  returns  to  its  state  of  rest, 
again  to  be  deflected  in  the  first  direction  by  stopping  the 
current.  Motion  may  be  accumulated  to  a considerable  amount 
in  the  needle,  by  making  and  breaking  the  contacts  with  the 
battery  in  correspondence  with  its  swing. 

§ 866.  The  same  effects  are  produced  when,  the  current 
being  uninterrupted,  the  conducting  mre  is  made  suddenly  to 
approach  or  recede  from  the  wire  of  the  galvanometer.  As  the 
wires  approximate,  there  will  be  a momentary  current  induced 
in  tbe  direction  contrary  to  the  inducing  current ; and  as  the 
wires  recede,  an  induced  current  in  the  same  direction  as  the 
inducing  current. 

§ 867-  As  this  volta-electric  induction  is  obviously  pro- 
duced by  the  transverse  action  of  the  voltaic  current,  in  one 
case  by  the  mechanical  motion  of  the  wire,  and  in  the  other  at 
the  moments  of  generation  and  annihilation  of  the  current.  Dr. 
Faraday  thought  that  the  sudden  induction  and  cessation  of  the 
same  magnetic  force  in  soft  iron,  either  by  the  agency  of  a 
voltaic  current  or  by  that  of  a common  magnet,  ought  to  pro- 
duce the  same  results.  He  constructed  a combination  of  hehces 
upon  a hollow  cylinder  of  pasteboard ; they  consisted  of  lengths 
of  copper  wire,  containing  altogether  220  feet ; four  of  these 
were  connected  end  to  end,  and  then  with  tlie  galvanometer ; 
the  other  intervening  four  were  also  connected  end  to  end,  and 
with  the  voltaic  battery.  In  this  form  a slight  efliect  was  pro- 
duced upon  the  needle  by  making  and  breaking  contact.  But 
when  a soft  iron  cylinder,  seven-eighths  of  an  inch  thick  and 
twelve  inches  long,  was  introduced  into  the  pasteboard  tube, 
surrounded  by  the  helices,  the  induced  current  affected  the  gal- 
vanometer powerfully.  When  the  iron  cylinder  was  replaced 
by  an  equal  cylinder  of  copper,  no  effect  beyond  that  of  the 
helices  alone  was  produced. 

§ 868.  Similar  effects  were  then  produced  by  ordinary 
magnets.  The  hollow  helix  had  all  its  elementary  helices  con- 
nected with  the  galvanometer,  and  the  soft  iron  cylinder  having 
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been  introduced  into  its  axis,  a couple  of  bar  magnets  were 
arranged  with  their  opposite  poles  in  contact,  so  as  to  resemble 
a horse-shoe  magnet,  and  contact  was  then  made  between  the 
other  poles  and  the  ends  of  the  iron  cylinder,  by  which  it  was 
converted  for  the  time  into  a magnet ; by  breaking  the  magnetic 
contacts,  or  reversing  them,  the  magnetism  of  the  iron  cylinder 
could  be  destroyed  or  reversed  at  pleasure.  Upon  making 
magnetic  contact  the  needle  was  deflected ; continuing  the  con- 
tact, the  needle  became  indifferent,  and  resumed  its  first  posi- 
tion ; on  breaking  contact  it  was  again  deflected,  but  in  the 
opposite  direction  to  the  first  effect,  and  then  it  again  became 
indifferent.  When  the  magnetic  contacts  were  reversed,  the 
deflections  were  reversed.  The  actual  contact  of  the  magnets 
with  the  soft  iron  is  not  essential  to  the  success  of  these  experi- 
ments, for  their  near  approximation  induces  sufficient  magnetism 
in  the  cylinder  to  generate  the  electric  current,  which  affects 
the  needle.  The  first  rise  of  the  magnetic  force  induces  the 
electric  w^ave  in  one  direction ; its  sudden  decline,  in  the 
opposite. 

Mechanical  motion  of  a permanent  magnetic  pole  in  one 
direction  across  the  coils  of  the  helix,  will  produce  the  same 
effect  as  the  sudden  induction  of  the  magnetism  in  the  soft  iron, 
and  its  motion  in  the  opposite  direction  will  cause  a correspond- 
ing effect  with  its  annihilation.  When  the  soft  iron  cylinder  is 
removed  from  the  helix,  and  one  end  of  a cylindrical  magnet 
thrust  into  it,  the  needle  is  deflected  in  the  same  w^ay  as  if  the 
magnet  had  been  formed  by  either  of  the  two  preceding  pro- 
cesses. Being  left  in,  the  needle  will  resume  its  first  position, 
and  then  being  withdrawn,  the  needle  will  be  deflected  in  the 
opposite  direction. 

§ 869.  On  substituting  a small  hollow  helix,  formed 
round  a glass  tube,  for  the  galvanometer  in  these  experiments, 
and  introducing  a steel  needle,  it  will  be  converted  into  a mag- 
net, provided  care  be  taken  not  to  expose  it  to  the  opposite 
action  of  the  reverse  current : and  if  the  continuity  of  the  con- 
ducting wire  be  broken  at  the  moment  when  the  secondary  elec- 
tric Avave  is  passing  through  it,  a bright  spark  may  be  obtained. 

§ 8/0.  The  connexion  of  electro-magnetical  and  magneto- 
electrical phenomena  may  be  exhibited  in  a very  striking  way, 
by  employing  any  of  the  apparatus,  by  which  the  rotators’^ 
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motions  of  a magnet,  or  conducting  wire,  are  produced  by  a 
current  of  electricity,  to  generate  electric  currents  by  the  me- 
chanical rotations  of  the  magnet  or  wire.  For  this  purpose,  the 
galvanometer  may  be  substituted  for  the  battery,  and  when  the 
wire  is  made  to  turn  round  the  pole  of  the  magnet,  or  the  pole 
of  the  magnet  round  the  wire  in  one  direction,  the  needle  will 
be  deflected  to  one  side ; and  to  the  other  by  the  opposite  rota- 
tion. Nothing  can  better  show  that  magneto-electric  is  the 
converse  of  electro-magnetic  action. 

By  rotating  the  wheel,  formerly  described  (§  856),  between 
the  poles  of  a horse-shoe  magnet,  a constant  current  of  electri- 
city may  be  kept  up  in  one  direction,  and  exhibited  by  con- 
necting one  of  the  wires  of  the  galvanometer  with  the  axis,  and 
the  other  with  the  reservoir  of  mercury,  in  which  the  circum- 
ference dips  and  revolves.  By  turning  it  in  one  direction,  the 
current  will  pass  from  the  axis  to  the  circumference;  by  turning 
it  in  the  other,  the  current  will  flow  from  the  circumference  to 
the  axis  (162). 


(162)  In  the  annexed  figure,  c represents  a copper  disc  revolving 
upon  an  axis  by  a winch,  n s are  the  poles  of  a powerful  magnet  so 
placed  as  to  admit  of  the  revolution  of  the  edge  of  the  plate  between 
them,  w w'  are  wires,  one  of  which  is  retained  in  perfect  metallic 
contact  with  the  axis,  and  the  other  with  the  circumference  of  the 


disc  at  the  point  immediately  passing  between  the  poles.  These  wires 
terminate  in  the  galvanometer,  g.  When  the  copper  plate  is  made  to 
revolve  from  right  to  left,  a current  of  electricity  is  produced  in  the 
direction  of  the  arrows,  and  deflects  the  galvanometer.  If  the  revo- 
lution of  the  plate,  or  the  poles  of  the  magnet,  be  reversed,  the  electric 
current  will  move  in  the  opposite  direction. 
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§ 871.  The  general  expression  of  these  phenomena  may 
be  thus  stated : — Whenever  a piece  of  metal  is  passed^  either 
before  a single  pole,  or  between  the  opposite  poles  of  a magnet, 
or  before  electro-magnetic  poles,  whether  ferruginous  or  not,  so 
as  to  cut  the  magnetic  curves,  (or  lines  which  would  be  marked 
out  by  the  spontaneous  arrangement  of  iron-filings,  (§  388,) 
electrical  currents  are  produced  across  the  metal  transverse  to 
the  direction  of  motion. 

§ 872.  The  same  relation  exists  between  the  magnetism 
of  the  earth  and  metals  in  motion,  and  although  the  force  is 
small,  the  induction  may  be  rendered  sensible  by  appropriate 
arrangements.  Dr.  Faraday  connected  the  hollow  helix,  already 
described,  mth  the  galvanometer,  by  wires  eight  feet  long,  and 
a soft  iron  cylinder  was  placed  in  it,  and  fixed  so  as  to  project 
equally  at  both  ends.  The  combined  helix  and  bar  were  held 
in  the  magnetic  direction,  or  line  of  dip,  and  were  then  suddenly 
inverted,  so  that  the  lower  end  should  become  the  upper,  but 
the  whole  still  correspond  to  the  magnetic  direction  : the  needle 
was  immediately  deflected ; as  it  returned  to  its  first  position, 
the  helix  and  bar  were  again  inverted,  and  by  doing  this  two  or 
three  times,  making  the  inversions  and  vibrations  coincide,  the 
needle  swung  through  an  arc  of  150°  or  160°. 

These  phenomena  are  the  consequence  of  the  inductive  mag- 
netic power  of  the  earth,  rendering  the  soft  iron  cylinder  a tem- 
porary magnet  with  its  marked  pole  downwards ; the  inversion 
of  position  is  equivalent  to  a change  of  poles,  the  opposite  influ- 
ence of  which  is  made  to  coincide  with  the  opposite  oscillations 
of  the  needle.  The  rotation  of  a wheel  in  such  a manner  as  to 
cut  the  terrestrial  curves  of  magnetism  is  sufficient  sensibly  to 
deflect  the  needle ; and  even  the  mere  motion,  in  the  same 
direction,  of  a long  loop  of  copper  wire  connecting  the  two  ends 
of  the  galvanometer,  and  passing  over,  will  produce  the  same 
effect.  Upon  moving  the  loop  in  one  direction,  the  needle  will 
pass  to  one  side ; and  upon  moving  it  back  again,  the  needle 
will  be  impelled  in  the  contrary  direction  ; upon  repeating  tliese 
motions  in  accordance  with  the  vibrations  of  the  needle,  it  may 
be  made  to  swing  through  90°,  or  more. 

§ 873.  After  Dr.  Faraday’s  discovery  of  volta-electric  and 
macjneio-eleclric  induction,  many  ingenious  contrivances  were 
made  for  exalting  tlie  eft'ects  and  facilitating  experiments.  The 
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most  complete  arrangement  now  in  use  was  the  original  com- 
bination of  Mr.  Saxton  (163). 

A very  powerful  horse-shoe  magnet,  formed  of  numerous 
steel  plates  closely  applied  together,  or  an  electro-magnet  of 
soft  iron  of  the  same  form,  is  placed  in  a horizontal  position. 
An  armature  of  the  purest  soft  iron  has  each  of  its  ends  bent 
at  a right  angle,  and  is  mounted  in  such  a way  that  the  surfaces 
of  those  ends  are  directly  opposed,  and  close  to  the  poles  of  the 
magnet;  in  this  position  it  may  be  made  to  rotate  rapidly  in  a 
vertical  direction,  by  means  of  multiplying  wheels  and  an  endless 
band.  Two  series  of  copper  wires,  covered  with  silk,  are 
wound  round  either  end  of  this  bar,  as  compound  helices. 
The  extremities  of  these  wires  having  the  same  direction,  are 
connected  together,  and  with  a circular  disc  rotating  Math  the 
armature  in  a cup  of  mercury,  with  which  it  is  therefore  in 
metallic  communication  in  every  position  of  the  disc.  The 
other  extremities  of  the  wires  are  united  together,  and  passing 


(163)  This  figure  represents  a section  of  Mr.  Saxton’s  magneto- 
electrical machine,  a b is  the  horse-shoe  magnet,  c d the  armature 
of  soft  iron,  standing  in  a transverse  direction  to  the  poles  of  the 
magnet,  e F is  the  spindle  upon  which  it  revolves  by  means  of  the 
multiplying  wheels,  e g.  h and  i are,  the  metallic  wheel  and  points 
by  which  connexion  is  made  and  broken  between  the  mercury  cup,  K, 
and  the  ends  of  the  coils  of  wire  round  the  armature,  c D. 
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without  metallic  contact  through  the  spindle  upon  which  the 
apparatus  turns,  terminate  in  a slip  of  copper  with  two  opposite 
points  placed  at  right  angles  to  the  axis.  These,  in  the  act  of 
rotation,  alternately  dip  into,  and  rise  above,  the  mercury  in 
another  cup,  which  may  be  connected  with  the  first  at  pleasure 
by  means  of  a copper  wfire.  By  the  laws  of  magnetic  induction, 
the  armature  becomes  a temporary  magnet  whenever  its  bent 
ends  are  opposite  the  poles  of  the  magnet,  and  ceases  to  be 
magnetic  when  they  are  at  right  angles  to  them.  The  momen- 
tary' generation  and  destruction  of  the  magnetic  force,  which 
will  be  oppositely  directed  in  the  bar  as  its  opposite  ends 
become  opposed  to  the  same  poles  in  the  act  of  rotation,  must, 
by  the  laws  of  magneto-electric  induction,  induce  corresponding 
opposite  electric  currents  in  the  copper  wire  if  the  circuit  be 
complete,  by  the  immersion  of  the  points  at  the  moment  of 
their  passage.  The  points  are  so  arranged,  that,  standing  nearly 
at  right  angles  to  the  revolving  bar,  they  just  rise  from  the 
mercury  as  its  ends  become  opposed  to  the  poles  of  the  magnet, 
and  the  circuit  being  thus  suddenly  broken  at  the  moment  of 
the  electric  wave,  the  current  passes  in  the  form  of  a brilliant 
spark. 


§ 874.  By  means  of  this  magneto-electrical  machine,  all 
the  well-known  effects  of  voltaic  currents  may  be  very  cora- 
modiously  produced.  When  the  communication  is  made 
between  the  spindle  and  the  revolving  disc  by  means  of  a fine 
platinum  wire  instead  of  the  dipping  points,  the  wire  may  be 
maintained  at  a red  heat;  although  the  effect  being  produced 
by  alternating  currents  in  opposite  directions,  a kind  of  pulsa- 
tion, or  intermission  of  the  light,  may  be  discerned.  Upon 
making  the  communication  between  the  two  mercury  cups  by 
means  of  copper  cylinders  grasped  in  the  hands,  a continued 
painful  contraction  of  the  muscles  of  the  arms  takes  place, 
which  destroys  A'oluntary'^  motion,  and,  under  certain  circum- 
stances, is  perfectly  intolerable.  If  the  currents  be  transmitted 
into  liquid  electrolytes  by  means  of  platinum  electrodes,  they 
are  readily  decomposed;  but  in  consequence  of  the  alternate 
reversal  of  their  direction,  the  anions  and  cations  are  mixed 
together.  This,  however,  may  be  avoided,  by  turning  up  one 
of  the  points  of  the  axis,  when  one  of  the  currents  will  be  cut 
off,  and  half  the  power  destroyed,  but  the  usual  results  of  polar 
decomposition  will  be  obtained.  The  amount  of  decomposition 
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in  this,  as  in  all  other  cases,  is  in  proportion  to  the  quantity  of 
electricity  which  circulates.  By  means  of  an  electro-magnet 
and  a constant  battery,  which  was  capable  of  decomposing  water 
by  the  primary  current  at  the  rate  of  eleven  cubic  inches  of  the 
mixed  gases  per  minute,  four  cubic  inches  have  been  obtained 
in  the  same  time  by  this  secondary  force. 

§ 875.  Professor  Wheatstone  has  lately  contrived  a 
magneto-electric  battery  for  producing  a continuous  current  in 
one  direction.  It  consists,  in  fact,  of  several  single  machines, 
the  coils  of  which  are  combined  together  so  as  to  form  one 
continuous  circuit:  the  current  in  any  one  coil  commencing 
before  the  currents  in  the  other  coils  have  ceased.  Such  a 
machine,  when  kept  in  motion,  may  be  used  for  many  purposes 
for  which  a voltaic  battery  is  employed,  but  more  especially  to 
produce  those  effects  which  usually  require  a battery  of  a 
considerable  series,  as  to  overcome  exterior  resistances.  The 
apparatus  is  always  ready  for  use,  and  by  its  means  he  is  able 
to  communicate  signals  and  ring  bells  at  any  distance  (164). 


(164)  One  of  the  methods  of  accomplishing  this  object  is  here  repre- 
sented. N o p a R s are  six  double  branch  or,  as  they  are  usually 
called,  horse-shoe  magnets,  having  their  dissimilar  poles  alternately 
disposed  in  two  parallel  lines.  These  six  magnets  are  fixed  parallel 
to  each  other,  and  at  equal  distances,  upon  a wooden  frame,  b b'  is 
the  axis  of  rotation  of  the  five  double  electro-magnetic  coils  n e F g h; 


this  axis  is  parallel  to  the  two  lines  in  which  the  poles  of  the  magnets 
are  situated,  and  is  equidistant  from  them;  it  moves  freely  on  pivots 
in  the  uprights  A a',  and  is  caused  to  rotate  by  means  of  a pinion  i 
which  gears  with  a wheel  /,  on  the  circumference  of  which  a handle  is 
fixed.  Each  double  magnetic  coil  defgu  consists  of  two  cylindrical 


MAGNETO-ELECTRIC  BATTERY. 


589 


§ 876.  The  mechanism  of  electrical  induction  has  been 
clearly  disclosed  by  Dr.  Faraday,  and  traced,  as  we  have  shown 

bars  of  soft  iron  on  which  are  wound  numei'ous  layers  of  coils  of  insu- 
lated wire ; these  coils  are  kept  together  by  discs  of  brass  or  ivory 
fixed  to  the  extremities  of  the  soft  iron  bars ; the  two  cylinders  con- 
stituting the  double  electro-magnetic  coil  are  joined  together  by  a 
transverse  piece  of  brass,  by  which  they  are  fixed  to  the  axis  and 
caused  to  revolve  with  it,  the  axis  of  the  soft  iron  bars  revolving 
round  the  axis  x to  which  they  are  parallel.  The  five  double  electro- 
magnetic cylinders  depgii  are  so  placed  on  the  axis  b,  that  the 
planes  passing  through  the  axis  b and  the  axis  of  the  two  soft  iron 
bars  shall  be  differently  inclined  in  each  double  electro-magnetic  coil, 
so  that  each  double  coil  shall  by  the  rotation  of  the  axis  b be  succes- 
sively aud  not  simultaneously  brought  directly  opposite  to  the  poles  of 
its  adjacent  magnets,  m m m m m arc  small  circular  discs  consisting  of 
two  semicircular  pieces  of  brass  separated  from  each  other  and  insu- 
lated from  the  axis  b by  means  of  a partition  of  ivory  interposed 
between  them ; and  the  position  of  this  insulating  plate  of  ivory  in 
each  disc  corresponds  with  the  plane  which  includes  the  axis  of  the 
two  soft  iron  bars  of  the  adjacent  double  coil,  tt  is  a wooden  bar 
parallel  to  the  axis  .b,  and  to  it  are  fixed  the  strips  of  metal  u u'  &c., 
having  no  immediate  conducting  communication  with  each  other ; u 
is  on  the  upper  side  of  the  bar,  and  u'  on  the  lower  side  ; at  the 
extremities  of  these  strips  are  fixed  the  springs  w w w,  two  of 
which  bear  in  the  manner  represented  against  opposite  points  of  the 
circumference  of  each  disc.  The  wire  of  the  double  coil  is  con- 
tinuous, but  is  wound  in  opposite  directions  on  each  soft  iron  bar,  and 
its  two  ends  are  fixed  to  the  two  semicircular  pieces  of  brass  of  the 
insulated  disc. 

The  action  of  the  machine  may  be  described  as  follows : — The  two 
ends  of  the  completing  or  communicating  wire  are  connected  with  the 
strips  of  metal  u u by  binding  screws  xx,  and  in  any  determined 
position  of  the  axis  the  completing  wire  and  the  wire  of  all  the  double 
coils  (except  one  when  in  a particular  position)  forms  a single  con- 
tinuous circuit,  so  that  if  an  electric  current  were  transmitted  through 
it,  it  Avould  follow  the  direction  indicated  by  the  arrows.  When  the 
axis  B is  caused  to  revolve,  the  double  coils  change  their  position  with 
respect  to  the  poles  of  the  adjacent  magnets,  and,  as  is  well  known, 
the  cuiTents  produced  in  the  wires  of  the  electro-magnetic  coils  by 
induction  from  the  magnets  are  inverted  at  each  semi-revolution,  hut 
in  consequence  of  the  brass  semicircles  of  the  insulated  discs  shifting 
their  contacts  from  one  spring  to  the  other  also  during  each  semi- 
revolution, the  resultant  current  in  the  communicating  wire  p n is 
always  transmitted  in  the  same  direction.  The  current  in  each  double 
coil  commences  when  the  axis  is  in  a different  position,  and  as  each 
commences  before  the  others  have  ceased  the  effect  of  a perfectly  con- 
tinuous current  is  obtained.  It  must  he  observed  that  the  ends  of  the 
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(§  317),  to  the  action  of  particles  of  matter  intervening  between 
the  inducteous  and  inductric  bodies : he  has  not  been  so  suc- 
cessful in  his  endeavours  to  develop  the  mode  of  magnetic  and 
electro-magnetic  induction.  All  the  phenomena  dependent  upon 
these  actions  take  place  indifferently  through  all  kinds  of  matter ; 
and  bodies  contrasted  by  the  extremes  of  conducting  and  insu- 
lating power,  and  opposed  to  each  other  as  strongly  as  metals, 
air,  and  sulphur,  show  no  difference  with  respect  to  magnetic 
forces  when  placed  in  their  lines  of  action.  As  far  as  experiment 
has  yet  gone,  the  results  lead  to  the  conclusion  that,  notwith- 
standing the  strong  analogy  which  the  tw'o  series  of  phenomena 
present,  the  transverse  inductive  force  of  currents  is  not  trans- 
mitted by  the  intermediate  particles  in  a similar  way  to  static 
electricity,  although  both  can  act  at  a distance.  Dr.  Faraday, 
however,  is  very  far  from  thinking  the  question  settled ; and  he 
is  of  opinion  that  ^Gt  is  fully  within  the  reach  of  experiment,  and 
offers  a high  reward  to  him  who  will  attempt  its  settlement.” 

But  whatever  be  the  mode  in  which  this  electrical  condition 
is  induced  in  a good  conductor,  there  can  be  no  doubt  that  its 
particles  are  thereby  thrown  into  the  same  state  as  when  con- 
ducting a charge  from  any  other  source ; and  this  we  have 
already  determined  (§  341,)  to  be  a state  of  electrical  polarity, 
in  which  the  associated  forces  are  freely  communicated  from 
one  particle  to  another. 

§ 877-  Professor  Henry  has  lately  studied  the  effects  of 
electro-magnetic  induction  with  considerable  success.  He  carried 
on  his  experiments  chiefly  by  judicious  variations  of  spirals  and 
helices  of  different  lengths  and  diameters.  The  spirals  consisted 
of  thin  ribbons  of  copper  covered  with  silk  of  I5  inch  width,  and 
60  and  90  feet  in  length,  sometimes  single  and  sometimes  united 
together.  The  helices  consisted  of  copper  wire  similarly  covered 
of  4Vth  inch  diameter,  and  of  the  total  length  of  3000  yards ; 
and  a coil  of  similar  wire  of  5 miles  in  length. 

In  these  long  conductors  it  is  scarcely  necessary  to  remark 


springs  must  never  rest  entirely  on  the  insulating  piece  of  ivory,  for 
in  this  case  the  circuit  would  be  interrupted ; but  in  passing  from  one 
semicircle  to  the  other,  they  must  touch  one  before  they  leave  the 
other,  and  the  current  at  this  instant  will  pass  immediately  througli 
the  disc  from  one  spring  to  the  other,  diverting  the  current  of  tlie 
corresponding  electro-magnetic  coil,  for  the  moment,  from  the  circuit. 
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that  the  exterior  resistance  of  the  metal,  which  we  are  in  the  haliit 
of  neglecting  in  estimating  the  electrolytic  effects  of  the  battery, 
is  very  considerable,  and  it  is  by  the  application  of  Ohm^s  formula 
to  this  kind  of  circuit,  that  Professor  Plenry  has  been  enabled  to 
overcome  some  of  the  difficulties  of  the  subject. 

The  form  of  the  ribbon  admits  of  considerable  conducting 
power  while  it  effects  the  important  purpose  of  diminishing  the 
distance  through  which  the  induction  takes  place,  and  by  this 
means  very  powerful  effects  were  produced.  Professor  Henry 
discovered,  not  only  that  the  primary  current  of  the  battery  was 
capable  of  producing  a secondary  current  in  a neighbouring 
metallic  body  by  induction,  but  that  this  secondary  current  was 
capable  of  acting  by  induction  upon  a third  wire,  and  that  again 
upon  a fourth ; and  he  succeeded  in  obtaining  currents  of  the 
third,  fourth,  and  even  fifth  order,  alternately  changing  their 
directions ; so  that  the  signs  of  the  different  currents  were  as 
follows : — 

Primary  current  of  battery  . . . . . + 

Secondary  cun-ent  upon  breaking  the  primary  . . + 

Current  of  the  third  order  by  induction  of  preceding  . — 

Current  of  the  fourth  order  by  induction  of  preceding  + 
Current  of  the  fifth  order  by  induction  of  preceding  . — 

The  mode  by  which  he  effected  this  was  to  cause  the  primary 
current  to  traverse  one  of  the  ribbon  spirals,  which  acted  upon  a 
second  similar  spiral,  supported  above  the  first  and  parallel  to  it ; 
the  ends  of  the  second  spiral  again  were  connected  with  a third, 
above  which  a helix  was  placed,  in  which  a current  of  the  third 
order  was  produced,  and  so  on.  By  connecting  the  ends  of 
the  last  helix  with  the  proper  apparatus,  the  magnetising  of  a 
steel  needle,  the  deflection  of  a galvanometer,  and  the  commu- 
nication of  shocks  could  be  effected. 

§ 878.  However  large  the  quantity  of  electricity  may  be 
which  is  thrown  into  circulation  by  a single  voltaic  circuit,  its 
intensity,  as  we  have  seen,  must  be  very  low,  and  it  is  wholly 
incapable  of  effecting  its  passage  by  disruptive  discharge.  In 
consequence  of  this,  when  the  conducting  wire  is  very  short,  no 
spark  is  visible  upon  making  or  breaking  contact  between  the 
generating  and  conducting  surfaces ; or,  at  most,  a very  minute 
one  upon  the  latter  oceasion.  Nevertheless,  when  the  wire  is 
long,  a very  bright  spark  is  produced  upon  breaking  contact. 
This  spark  is  greatly  increased  when  the  same  long  wire  is  coiled 
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up  into  a helix ; and  still  more  when  it  is  wound  round  an  iron 
core,  so  as  to  constitute  an  electro-magnet.  Under  these  last 
circumstances,  if  the  ends  of  the  wire  near  the  battery  be  grasped 
by  a person  with  moistened  hands,  he  will  experience  a con- 
siderable shock  at  the  moment  of  breaking  the  contact  at  a point 
between  the  place  at  which  it  is  held  and  the  battery,  and  the 
spark  will  be  diminished.  If  a decomposing  apparatus  be  inter- 
posed between  the  same  extremities  of  the  wire,  the  direct 
current  will  pass  through  the  latter  so  long  as  the  contact  with 
the  battery  plates  is  maintained;  but  upon  breaking  contact, 
iodide  of  potassium  will  be  decomposed  in  the  former,  and  the 
situation  of  the  evolved  iodine  will  prove  that  the  decomposition 
has  been  effected  by  a current  in  an  opposite  direction  to  that 
of  the  battery  current.  In  this  last  experiment,  a bright  spark 
occurs  at  the  place  of  disjunction,  indicating  that  only  a small 
part  of  the  extra  current  passes  the  decomposing  apparatus 
because  of  its  small  conducting  power.  The  most  instructive 
set  of  results  are,  however,  obtained  when  a galvanometer  is 
introduced  between  the  extremities  of  the  conducting  wire. 
When  contact  is  then  made,  a portion  of  the  primary  current 
which  passes  through  the  principal  wire  is  diverted  through  the 
galvanometric  wire,  and  the  needle  is  deflected.  If,  while  in 
this  situation,  it  be  forced  back  Ijy  pins,  applied  upon  opposite 
sides  of  its  two  extremities,  to  its  natural  position  when  unin- 
fluenced by  a current,  and  the  battery  contact  be  then  broken, 
it  will  be  strongly  deflected  in  the  opposite  direction ; thus 
showing,  in  accordance  with  the  chemical  effects,  that  the  extra 
current  followed  a course  in  the  cross  wires  contrary  to  the  one 
produced  by  the  direct  action  of  the  electromotor. 

§ 879*  It  is  clear,  then,  that  at  the  moment  of  its  return 
to  its  natural  state,  a reflex  wave  of  electricity  is  generated  in 
the  conducting  wire,  which  is  analogous  to  that  wliich  it  is 
capable  of  inducing  at  the  same  moment  in  a parallel  inde- 
pendent wire.  It  is  generated,  also,  by  the  same  lateral  or 
magnetic  force,  and  it  is  increased,  like  the  latter,  by  the  reaction 
of  the  temporary  magiretism  of  soft  iron  in  the  moment  of  its 
cessation,  and  by  the  juxta-position  of  the  coils  of  a helix. 

In  fact,  if  a second  and  independent  wire  be  placed  by  the 
side  of  the  primary  conducting  wire,  as  by  coiling  the  two 
together  in  one  helix,  taking  care  that  they  may  be  well  insu- 
lated, so  long  as  the  circuit  of  the  second  wire  is  not  complete. 
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the  primary  wire  will  give  a good  spark ; but  upon  completing 
the  secondary  circuity  by  bringing  its  ends  into  metallic  contact, 
the  whole  of  the  lateral  force  will  be  expended  upon  it,  and 
little  or  no  spark  will  appear  when  the  primary  circuit  is  broken. 
Then,  again,  if  the  ends  of  the  second  wire  should  happen  to  be 
disconnected  at  the  moment  when  the  battery  contact  is  broken, 
a spark  will  there  appear  instead  of  occurring  at  the  disjointed 
extremity  of  the  principal  wire.  Even  the  weak  current  of  the 
thermo-electric  circuit  (§  828),  may  be  made  to  yield  a spark 
from  this  secondary  action  by  the  assistance  of  a helix ; or  still 
better,  of  one  of  Professor  Henry’s  flat  spirals. 

§ 8/9.  In  the  wire  of  the  helix  of  Saxton’s  magneto- 
electric machine,  these  principles  of  action  have  an  important 
influence.  From  the  construction  of  the  apparatus,  the  current 
is  permitted  to  move  in  a complete  metallic  circuit  of  great 
length  during  the  first  instance  of  its  formation : it  gradually 
rises  in  strength,  and  is  then  suddenly  stopped  by  the  breaking 
of  the  metallic  circuit;  and  thus  great  intensity  is  given  by 
induction  to  the  reverse  current  which  at  that  moment  passes. 
Different  effects  are  produced  by  varying  the  length  and  dia- 
meter of  the  wire  upon  the  armature.  A great  length  (1500 
yards)  of  fine  insulated  copper  wire  will  decompose  water  with 
the  greatest  advantage,  and  give  the  severest  shocks ; but  a less 
length  (40  yards)  of  thicker  wire  will  give  the  largest  sparks, 
and  ignite  the  largest  quantity  of  platinum  wire.  These  differ- 
ences all  depend  upon  variations  in  the  area  of  the  section  of 
the  conducting  metals,  and  are  readily  explained  by  the  applica.- 
tion  of  Ohm’s  formula. 

§ 880.  By  a primary  coil  of  thick  wire  of  120  feet  in 
length,  the  connexion  of  which  with  a voltaic  circuit  may  be 
rapidly  made  and  broken  by  a spring  pressing  upon  a toothed 
wheel,  and  an  inducteous  coil  of  finer  wire  120  yards  long,  the 
ends  of  which  may  be  grasped  by  the  hands,  an  electro-dynamic 
machine  may  be  constructed,  the  effects  of  which  are  utterly 
intolerable  (165).  The  continuous  shock  of  this  instrument  is  sufii- 


(165)  a h,  in  the  following  figure,  is  the  cylinder  formed  by  the 
combined  coils  of  the  primary  and  secondary  wires.  The  two  ends  of 
the  primary  Avire  are  connected  with  the  battery,  p n;  but  this  con- 
nexion can  he  rapidly  broken  and  restored  by  the  rotation  of  the 
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cient  to  destroy  life  in  a cat,  or  other  animal  of  the  same  size,  if 
directed  through  the  head.  The  rapid  succession  of  sparks  and 
the  combustion  of  the  metals  which  may  he  produced  by  this 
machine  are  very  striking  phenomena. 

§ 881.  In  the  voltaic  circuit,  the  self-induction  of  the 
conducting  wire  generates  a current  which  pervades  the  cells  of 
the  battery  itself,  as  well  as  its  own  substance : for  if  a long 
wire  or  coil  be  connected  with  a series  of  cells,  not  only  will  the 
large  spark  be  formed  when  the  circuit  is  broken  at  the  extre- 
mity of  that  wire,  but  at  any  of  the  short  wires  of  the  other 
cells.  The  effect  upon  the  electrolyte,  from  this  reaction,  has 
not  yet  been  examined. 

Dr.  Henry  also  succeeded  in  obtaining  a secondary  current 
from  the  induction  of  the  battery  itself,  by  placing  one  of  his 
helices  in  the  centre  of  ten  active  cells ; by  holding  the  ends  of 
the  helix  in  the  hands  a shock  was  experienced  every  time  the 
circuit  was  completed. 

§ 882.  If  we  now  cast  a retrospective  glance  upon  the 


toothed  metallic  wheel,  //,  against  the  spring,  i,  one  of  the  battery  Avires 
being  conneeted  with  the  wheel,  and  the  other  with  the  spring;  g 


a moveable  bar  of  soft  iron  placed  in  the  axis  of  the  coil,  a 6,  for  the 
purpose  of  increasing  the  effect  by  induction;  by  substituting  a bundle 
of  iron  wires  for  the  bar  the  porvcr  is  considerably  augmented,  e e 
are  the  ends  of  the  secondary  coil. 
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collective  j^henomena  which  have  come  before  us,  how  wonderful 
appears  the  nature  of  that  mysterious  force  which  we  can  at 
pleasure  call  into  action  by  the  mutual  influence  of  masses  of 
metal  upon  each  other  exerted  at  a distance,  and  without  dimi- 
nution of  substance  or  power ; or  from  the  union  of  a few  grains 
of  zinc  and  acid,  accompanied  by  the  simultaneous  disunion  of 
equivalent  proportions  of  hydrogen  and  the  radicle ! A force 
which  at  the  same  moment,  and  in  one  circuit,  will  radiate  the 
only  light  which  is  capable  of  rivalling  the  intensity  of  the  solar 
beam, — disengage  a heat  which  will  fuse  the  most  refractory 
metal, — control  and  paralyze  the  muscular  energies  of  the  most 
powerful  animals, — suspend  the  force  of  gravity,  and  give  me- 
chanical motion  to  masses  of  matter, — and  acting  upon  the 
ultimate  molecules  of  matter,  will  decompose  the  most  intimate 
combinations  of  affinity  at  one  point,  and  recompose  them  at 
another ! ! 

Mere  diflferences  of  temperature  in  some  substances,  and  the 
mutual  friction  of  others,  will  also  call  this  marvellous  agent 
forth  ; and,  to  complete  our  admiration,  we  have  now  to  eon- 
template  it  as  the  product  of  animal  life,  and  placed  as  an  offen- 
sive weapon  under  the  control  of  animal  will. 


XVIII.  ANIMAL  ELECTRICITY. 

§ 88.3.  There  is  a flat  fish,  a species  of  ray,  which  fre- 
quents the  shores  of  the  Mediterranean,  the  Atlantic  coast  of 
France,  and  is  sometimes  taken  on  the  south-west  coast  of 
England,  which  was  known  to  the  ancients  as  capable  of  com- 
municating a benumbing  sensation  to  those  who  handled  it,  and 
to  which  they  therefore  gave  the  name  of  torpedo.  Several  of 
the  early  physicians,  both  Roman  and  Arabian,  ascribed  to  it  an 
influence  in  subduing  obstinate  headaches,  and  the  gout  itself. 

§ 884.  The  vague  notions  which  were  entertained  of  the 
nature  of  this  animal  force,  even  in  later  times,  cannot  be  better 
exemplified  than  by  an  extract  from  a paper  on  the  subject, 
published  in  the  Philosophical  Transactions  for  1678,  by  Ste- 
phano  Lorenzini.  He  observes: — ‘^The  chief  wonder  of  this 
animal,  and  that  which  gives  it  its  name,  is  the  benumbing 
faculty  which  is  seated  in  the  two  semicircular,  or  falcated, 
muscles  on  each  side  of  the  thorax,  which  consists  of  fibres, 
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irregular,  but  as  large  as  a goose-quill,  and  made  up  of  bladders 
filled  with  a kind  of  water ; one  end  of  these  fibres  being  fixed 
to  the  skin  of  the  belly,  and  the  other  to  that  of  the  back,  on 
which  may  be  plainly  seen  the  vestigea  of  the  fibres’  ends. 
Now,  when  the  fish  contracts  those  fibres,  there  issue  out  cor- 
puscules  fitted  to  the  pores  of  a man’s  skin,  so  as  to  enter  upon 
immediate  contact,  but  not  otherwise,  and  disturb  the  posture 
of  the  parts,  and  to  cause  pain,  as  when  one’s  elbow  is  hit  or 
knocked;  and  this  comes  most  by  the  fingers’  ends,  because 
these  are  ends  of  tendons.  And  this  pain  is  more  or  less  as  the 
contraction  of  the  fibres  have  immitted  more  or  less.” 

§ 885.  As  a contrast  to  these  untenable,  hypothetical 
assumptions,  we  may  refer  to  a paper  on  the  same  property  of 
the  torpedo,  by  Mr.  Walsh,  in  the  Philosophical  Transactions  of 
the  year  1778.  He  set  out,  also,  with  an  hypothesis,  which  at 
the  time  was  sufficiently  bold,  that  the  effect  was  electrical;  but, 
in  the  true  spirit  of  the  inductive  philosophy,  he  immediately 
proceeded  to  test  the  sufficiency  of  the  supposition  by  well- 
devised  experiments.  He  found  that  the  shock  of  the  torpedo 
could  be  transmitted  through  conductors  of  electricity,  as  metals 
and  water;  and  that  it  was  interrupted  by  non-conductors,  as 
glass  and  sealing-wax.  He  discovered  that  the  back  and  breast 
of  the  animal  were  in  different  states  of  electricity;  and  that  to 
receive  the  shock,  it  w^as  necessary  that  there  should  be  a con- 
ducting communication  between  the  upper  and  lower  surfaces. 
The  shock,  when  in  air,  appeared  to  be  about  four  times  as 
strong  as  when  in  water.  His  results  have  been  confirmed  and 
extended  by  recent  experimenters,  and  particularly  by  Dr.  Davy, 
who  succeeded  in  effecting  chemical  decomposition,  the  magneti- 
zation of  steel,  and  the  deviation  of  the  magnetic  needle,  by  the 
electrical  current  of  the  torpedo.  He  also  ascertained  that  the 
electrical  organ  upon  the  under  surface  of  the  animal  corres- 
ponded to  the  zinc  extremity  of  the  voltaic  circuit,  and  its  upper 
surface  to  the  copper  extremity  (166). 


(166)  The  figure  in  the  next  page  presents  a view  of  the  under  sur- 
face of  the  torpedo,  a is  the  right  electric  organ,  exposed  by  dissecting 
off  the  skin,  which  consists  of  white  pliant  columns  in  a close,  and  for 
the  most  part  hexagonal,  arrangement,  giving  a general  appearance  of 
a honey-comb  in  miniature.  These  columns  have  been  sometimes 
denominated  cylinders,  but  have  no  interstices,  and  are  all  angular. 
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§ 886.  This  power  of  generating  and  directing  an  elec- 
trical current  at  pleasure  is  also  possessed  by  a fresh-water  fish, 
gymnotus  electricus,  which  at  first  view  appears  very  much  to 
resemble  an  eel,  and  which  consequently  has  been  named  the 
electrical  eel;  a fine  specimen  of  which,  forty  inches  in  length, 
was  lately  exhibited  in  the  Adelaide  Gallery.  It  is  common  in 
all  the  small  rivers  which  flow  into  the  Orinoco  in  Guiana,  and 
also  in  Surinam. 

§ 887.  Dr.  Faraday  experimented  with  this  animal,  and 
communicated  the  results  to  the  Royal  Society.  He  employed 
two  collectors  formed  of  copper-plate  bent  into  a saddle  shape, 
which  passed  over  the  fish  and  inclosed  a certain  extent  of  the 
sides  and  back,  and  thick  copper  wires  were  brazed  to  them  to 
convey  the  electric  force  to  the  experimental  apparatus.  They 
were  covered  with  sheet  caoutchouc,  the  edges  of  which  pro- 
jected at  the  bottom  and  ends,  and  the  parts  of  the  wires  liable 
to  be  in  the  water  were  also  covered  with  the  same  substance. 
By  these  means,  the  part  of  the  animal  within  the  caoutchouc 
was  insulated  from  the  surrounding  water.  The  greatest  effects 
were  produced  when  the  collectors  were  applied  to  the  anterior 
and  posterior  parts  of  the  gymnotus. 


and  chiefly  six-cornered,  b the  skin  which  covered  the  organ,  showing 
on  its  inner  side  a hexagonal  net-work,  c the  nostrils  in  the  form  of 
a crescent,  d the  mouth  in  a crescent  contrary  to  that  of  the  nostrils, 
furnished  with  several  rows  of  very  small  teeth,  e the  branchial 
apertures,  five  on  each  side,  f f the  outward  margin  of  the  greater 
lateral  fin.  g g the  two  smaller  lateral  fins,  h the  fin  of  the  tail. 
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Dr.  Faraday  concludes,  that  a single  medium  discharge  of 
the  fish  is  at  least  equal  to  the  electricity  of  a Leyden  battery, 
containing  3500  square  inches  of  glass  coated  on  both  sides, 
charged  to  its  highest  degree;  and  notwithstanding  the  greatness 
of  this  force,  the  animal  can  give  a double  and  triple  shock  with 
scarcely  a sensible  interval  of  time. 

Using  the  saddle  collectors,  the  needle  of  a galvanometer, 
not  particularly  delicate,  was  affected  to  the  amount  of  40°,  and 
the  current  was  always  found  to  be  from  the  anterior  parts 
of  the  animal  through  the  galvanometer  wire  to  the  posterior 
parts.  An  annealed  steel  needle,  placed  in  a little  helix,  was 
rendered  magnetic,  and  polar  decomposition  of  a solution  of 
iodide  of  potassium  was  easily  obtained.  A secondary  spark 
was  obtained  by  means  of  a good  magneto-electric  coil,  and 
afterwards  a direct  spark  betwen  the  surfaces  of  two  gold  leaves 
(167). 


§ 888.  It  was  evident  from  the  experiments,  that  aU  the 
water  and  all  the  conducting  matter  around  the  fish,  through 
which  a discharge  circuit  can  in  any  way  be  completed,  is  filled 
at  the  moment  with  circulating  electric  power ; and  a number 


(167)  This  figm'e  exhibits  the  whole  of  the  two  electrical  organs 
on  each  side  of  the  gymnotus,  the  skin  being  removed  as  far  as  these 
organs  extend.  They  consist  of  two  parts;  viz.,  flat  partitions  or 
septa,  and  cross  divisions  between  them.  The  outer  edge  of  these 
septa  appear  externally  in  parallel  lines,  nearly  in  the  direction  of  the 
longitudinal  axis  of  the  body.  These  septa  are  thin  membranes, 
placed  nearly  parallel  to  one  another.  Their  breadth  is  nearly  the 
semi-diameter  of  the  body  of  the  animal.  They  are  of  dififerent 
lengths,  some  being  as  long  as  the  whole  organ,  a the  lower  surface 


of  the  head  of  the  animal:  b the  cavity  of  the  belly:  c the  back  of  the 
fish  where  the  skin  has  not  been  removed:  n n the  fin  which  runs 
along  the  lower  edge  of  the  fish:  e e the  skin  turned  hack:  F r the 
lateral  muscles  of  the  above  fin  removed,  and  carried  hack  with  the 
skin,  to  expose  the  small  electrical  organ:  g G g the  large  electrical 
organ:  n h the  small  organ. 
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of  persons  all  dipping  their  hands  at  the  same  time  into  the  tub, 
the  diameter  of  which  was  46  inches,  received  a shock  of  greater 
or  less  intensity  accordingly  as  they  were  more  or  less  favour- 
ably situated  with  regard  to  the  direction  of  the  current. 

§ 889.  The  gymnotus  can  stun  and  kill  fish  which  are  in 
various  positions  with  respect  to  its  own  body.  On  one  day, 
when  Dr.  Faraday  particularly  observed  it,  a live  fish  was 
dropj)ed  into  the  tub,  and  the  gymnotus  instantly  turned  round 
in  such  a manner  as  to  form  a coil  inclosing  the  fish,  the  latter 
representing  a diameter  across  it.  A shock  passed,  and  in  an 
instant,  the  fish  was  struck  motionless,  as  if  by  lightning,  in 
the  midst  of  the  waters,  its  side  floating  to  the  light.  The  gym- 
notus made  a turn  or  two  to  look  for  its  prey,  which,  having 
found,  he  swallowed,  and  then  went  searching  about  for  more. 

§ 890.  To  obtain  an  adequate  idea  of  the  power  with 
which  this  extraordinary  fish  is  armed,  we  must  have  recourse 
to  the  accounts  of  its  action  in  its  native  streams ; and  the 
Baron  De  Humboldt  has  furnished  us  with  the  following  graphic 
description  of  the  Indian  mode  of  fishing  for  gymnoti,  by  means 
of  horses : — 

“ The  extraordinary  noise  caused  by  the  horses’  hoofs,  makes 
the  fish  issue  from  the  mud,  and  excites  them  to  combat. 
These  yellowish  and  livid  eels,  resembling  large  aquatic  serpents, 
swim  on  the  surface  of  the  water,  and  crowd  under  the  bellies  of 
the  horses  and  mules.  A contest  between  animals  of  so  difFer- 
rent  an  organization  furnishes  a very  striking  spectacle.  The 
Indians,  provided  with  harpoons  and  long  slender  reeds,  sur- 
round the  pool  closely ; and  some  climb  upon  the  trees,  the 
branches  of  which  extend  horizontally  over  the  surface  of  the 
water.  By  their  wdld  cries,  and  the  length  of  their  reeds,  they 
prevent  the  horses  from  running  away,  and  reaching  the  bank 
of  the  pool.  Tlie  eels,  stunned  by  the  noise,  defend  themselves 
by  the  repeated  discharge  of  their  electric  batteries.  During  a 
long  time  they  seem  to  prove  victorious.  Several  horses  sink 
beneath  the  violence  of  the  invisible  strokes,  which  they  receive 
from  all  sides  in  organs  the  most  essential  to  life ; and  stunned 
hy  the  force  and  frequency  of  the  shocks,  disappear  under  the 
water.  Others,  panting,  with  mane  erect,  and  haggard  eyes, 
expressing  anguish,  raise  themselves,  and  endeavour  to  flee  from 
the  storm  by  whicli  they  are  overtaken.  Tliey  are  driven  Ijack 
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by  the  Indians  into  the  middle  of  the  water ; but  a small  num- 
ber succeed  in  eluding  the  active  vigilance  of  the  fishermen. 
These  regain  the  shore,  stumbling  at  every  step,  and  stretch 
themselves  on  the  sand,  exhausted  with  fatigue,  and  their  limbs 
benumbed  by  the  electric  shocks  of  the  gymnoti.  By  degrees 
the  impetuosity  of  this  unequal  combat  diminished,  and  the 
wearied  gymnoti  dispersed.  They  require  a long  rest,  and 
abundant  nourishment,  to  repair  what  they  have  lost  of  galvanic 
force.  The  mules  and  horses  appear  less  frightened ; their 
manes  are  no  longer  bristled,  and  their  eyes  express  less  dread. 
The  gymnoti  approach  timidly  the  edge  of  the  marsh,  where 
they  are  taken  by  means  of  small  harpoons  fastened  to  long 
cords.  When  the  cords  are  very  dry,  the  Indians  feel  no  shock 
in  raising  the  fish  into  the  air*.’^ 

§ 891.  In  the  anatomical  construction  of  these  animals, 
as  displayed  in  the  dissections  of  Mr.  John  Hunter,  the  most 
striking  thing  is  the  large  proportion  which  the  electrical  organs 
bear  to  the  rest  of  the  bodies  of  the  animals.  In  both  species 
we  recognise  a structure  which  is  contrived  for  large  extension 
of  surface  in  a small  space,  which  reminds  us  of  the  similar 
construction  of  our  voltaic  arrangements.  These  are  so  abxmd- 
antly  supplied  with  nerves,  as  to  have  led  Mr.  Hunter  to 
remark  with  regard  to  torpedos,  that  “ the  magnitude  and  the 
number  of  the  nerves  bestowed  on  their  organs,  in  proportion 
to  their  size,  must,  on  reflection,  appear  as  extraordinary  as  the 
phenomena  which  they  afford,”  and  in  speaking  of  the  gj’^mnotus 
he  says,  ^^in  this  fish,  as  well  as  in  the  torpedo,  the  nerv^es 
which  supply  the  organ  are  much  larger  than  those  which  are 
bestowed  on  any  other  part  for  the  purposes  of  sensation  and 
action.” 

The  electric  organs  of  the  torpedo  and  gymnotus  cannot  be 
considered  as  connected  with  those  which  are  of  direct  import- 
ance to  the  life  of  the  animal,  but  to  belong  rather  to  the 
common  teguments;  and  it  has  been  found  that  such  torpedos 
as  have  been  deprived  of  the  use  of  their  peculiar  organs,  have 
continued  the  functions  of  life  quite  as  well  as  those  in  whicli 
they  were  allowed  to  remain. 

The  nervous  energy  of  the  animals  evidently  becomes 
exhausted  during  the  production  of  electricity,  and  there  is  an 


* Personal  Narrative,  chap.  xvii. 
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apparent  production  of  electricity,  equivalent  to  tlie  quantity  of 
nervous  force  consumed. 

§ 892.  Living  as  these  animals  do  in  the  midst  of  so 
good  a conductor  as  water,  our  first  thoughts  are  thoughts  of 
surprise,  that  they  can  sensibly  electrify  anything,  but  a little 
consideration  makes  the  perfect  design  of  the  whole  arrange- 
ment obvious.  It  is  by  the  conducting  power  of  the  water 
alone  that  the  force  can  be  communicated  to  the  animal  to  be 
struck,  and  we  may  contrast  this  state  of  things  with  what 
would  result,  if  the  body  of  the  fish  or  its  victim  were  surrounded 
with  air. 

The  fate  of  a gymnotus  which  had  been  caught  and  confined 
for  the  purpose  of  transmission  to  this  country  will  illustrate 
the  point.  This  animal,  notwithstanding  its  wonderful  powers, 
was  doomed  to  perish  ignobly  under  the  attacks  of  a water-rat. 
Much  surprise  was  excited  by  this  catastrojohe;  but  all  wonder 
ceases  when  we  consider  the  perfect  manner  in  which  the  body 
of  the  rat  is  insulated.  When  he  dives  beneath  the  water,  not 
a particle  of  the  liquid  adheres  to  him,  and  his  non-conducting 
fur,  and  the  air  which  it  contains,  clothes  him  with  armour 
which  is  perfectly  proof  against  the  bolts  of  his  formidable 
antagonist. 

§ 893.  Never  was  there  a more  tempting  field  of  research, 
or  a higher  reward  offered  for  its  successful  cultivation,  than  that 
which  is  presented  by  animal  electricity.  In  these  electric  fish 
we  behold  nervous  power  converted  into  electric  force;  it  cannot 
be  doubted  that  the  converse  of  this  is  possible.  We  are,  how- 
ever, only  upon  the  threshold  of  this  inquiry  of  surpassing 
interest.  It  belongs,  indeed,  exclusively  to  the  physiologist  to 
connect  these  two  branches  of  physical  philosophy;  but  he  who 
would  take  up  the  investigation  with  any  hopes  of  success,  must 
not  only  be  well  skilled  in  comparative  anatomy  and  dissections, 
and  conversant  with  the  vital  functions  of  animals,  but  must  be 
master  of  all  that  is  known  of  that  extraordinary  agent,  the  lav^s 
of  which  we  have  been  endeavouring  to  expound  under  the 
names  of  current  affinity  and  electricity,  and  must  follow  with 
zeal  and  industry,  the  rapid  progress  which  science  is  daily 
making  in  their  development. 

§ 894.  The  phenomena  of  the  electric  fish  have  lost  none 
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of  their  interest  since  the  days  when  Mr.  Walsh  first  com- 
municated his  experiments  upon  the  torpedo  to  Dr.  Franklin, 
and  we  cannot  better  take  leave  of  the  subject,  at  present,  than 
by  recalling  the  words  with  which  he  closed  his  letter  upon  the 
subject  to  that  eminent  philosopher. 

“1  rejoice  in  addressing  these  communications  to  you.  He, 
who  predicted  and  showed  that  electricity  wings  the  formidable 
bolt  of  the  atmosphere,  will  hear  with  attention,  that  in  the 
deep  it  speeds  a humbler  bolt,  silent,  and  invisible.  He,  who 
analyzed  the  electrified  phial,  will  hear  with  pleasure  that  its  laws 
prevail  in  animate  phials.  He,  who  by  reason  became  an 
electrician,  will  hear  with  reverence  of  an  instinctive  electrician, 
gifted  in  his  birth  with  a wonderful  apparatus,  and  vfith  skill  to 
use  it*.” 


XIX.  ORGANIC  CHEMISTRY. 

§ 895.  The  chemistry  of  organic  beings  is  at  once  the 
most  interesting  and  the  most  difficult  department  of  our  general 
subject, but  for  its  full  investigation  it  requires  a far  more  extensive 
preparation,  and  an  intimate  acquaintance  with  a far  wider  range 
of  science,  than  that  to  which  our  plan  is  necessarily  restricted. 
To  the  forces  which  we  have  found  to  concur  in  the  phenomena 
of  inorganic  chemistry  we  have  now  to  add  the  powers  of  Life ; 
that  something  superadded  to  matter  which,  in  a chemical  point 
of  view,  is  capable  of  controlling  and  modifying,  if  not  of 
opposing  and  subverting,  the  ordinary  attractions  of  its  consti- 
tuent particles.  The  object  of  inquir}^  here  however,  as  in  the 
preceding  instances,  should  be  not  what  these  powers  are,  but 
what  they  do f.  That  their  origin  is  beyond  our  comprehension 
is  a difficulty  which  they  share  with  the  other  powers  which  we 
have  been  endeavouring  to  develope ; but  that  they  are  mostly 
beyond  our  control  and  direction  is  a difficulty  pecuhar  to 
tliemselves,  and  one  which  greatly  restricts  experiment,  the 
great  engine  of  all  discovery. 

§ 896.  The  organization  or  apparatus  by  which  the 
different  processes  of  organic  chemistry  are  conducted  in  living 
plants  or  animals,  it  is  the  peculiar  province  of  Anatomy  and 
PciYSiOLOGY  to  describe  j and  considering  the  ver)’^  incomplete 

* Philosophical  Transactions  iov  1773.  t Dr.  Pkout. 
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account  which  it  will  be  in  our  power  to  present  even  of  some 
few  of  the  products  of  these  vital  operations,  and  the  trans- 
formations which  they  undergo  under  the  influence  of  non-vital 
forces,  we  should  have  omitted  them  altogether  from  this  pre- 
paratory view,  had  it  not  been  that  the  zeal  with  which  the 
subject  has  lately  been  followed  by  some  of  our  most  eminent 
chemists  has  produced  a reaction  upon  inorganic  chemistry 
which  it  is  most  important  to  notice. 

§ 897.  The  phenomena  of  life  indicate  the  action  of  a 
current  force  : and  may  it  not  be  that  affinity  is  thrown  into  a 
current  state  by  appropriate  apparatus,  something  in  the  manner 
of  the  voltaic  circuits  ? A strong  analogy  in  many  points 
between  the  two  might  be  pointed  out,  and  we  cannot  but 
remember  that  electricity  in  its  most  intense  condition  is  de- 
veloped in  some  animals,  as  we  have  just  seen,  by  an  appropriate 
nercous  organization. 

Flux  and  perpetual  change  appear  to  be  amongst  the  essen- 
tial conditions  of  life ; hence  a stable  equilibrium,  like  that  of 
crj^stalline  products,  is  incompatible  with  its  regular  functions. 
Organic  structures  have  a tendency  to  assume  vesicular  and 
orbicular  forms,  which  are  totally  different  from  those  angular 
geometric  forms  which  characterize  inorganic  solids ; and  their 
production  by  the  union  of  their  elements  is  far  beyond  the 
command  which  the  chemist  has  yet  obtained  over  the  forces 
concerned.  The  structure  of  such  forms  is  the  result  of  an 
action  peculiar  to  the  vital  powers,  in  which  we  also  find  a power 
of  conformation  to  circumstances  which  is  totally  wanting  in  the 
forces  with  which  we  have  been  concerned.  When  withdrawn 
from  the  immediate  influence  of  this  innovating  power  of  life, 
the  products  are  found  to  be  strictly  chemical,  and  retain  their 
composition,  or  enter  into  new  combinations,  according  to  the 
fundamental  laws  of  chemical  affinity  ; and  it  is  to  this  view  of 
them  that  we  shall  at  present  confine  our  attention. 

§ 898.  The  essential  materials  of  which  the  organic 
creation  is  built  up,  are  a few  only  of  the  elements  which  we 
have  examined;  the  foundation  of  all  its  structures  being 
carbon,  hydrogen,  oxygen,  and  nitrogen.  But  although  the 
elements  are  few,  a new  order  of  compounds  has  been  developed 
which  appear  to  act  the  part  of,  and  to  be  equivalent  to,  ele- 
mentary substances  in  composition,  like  that  compound  of  carbon 
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and  nitrogen  (or  cyanogen),  which  we  have  already  examined 
(§  507,  &c.),  and  which  was  indeed  the  first  of  these  compounds 
discovered,  and  afforded  the  clue  to  the  investigations  which 
followed.  These  groups  of  a few  elements  in  infinitely-varied 
proportions  are  capable  of  combining  with  elementary  sub- 
stances and  with  one  another,  and  of  being  substituted  the  one 
for  the  other  according  to  the  laws  of  definite,  multiple,  and 
equivalent  proportions.  They  are  distinguished  by  the  name  of 
organic  radicles.  Though  their  existence  was  first  indicated  by 
organic  chemistry,  such  radicles  are  not  probably  confined  to 
this  department ; but  the  fight  which  Avas  hence  derived  when 
reflected  upon  inorganic  compounds  is  capable  of  presenting 
them  in  a new  and  interesting  point  of  view. 

§ 899.  It  may  be  advantageous  to  exemplify  our  meaning 
by  referring  to  the  compounds  of  carbon  and  sulphur,  and  con- 
sidering them  in  this  fight : — 

Carbonic  oxide,  CO,  is  thus  considered  a radicle  of  this 
class,  and  then 

CO  4-0  = Carbonic  acid. 

CO  4-  Cl  = Chlorocarbonic  acid. 

2 CO  4-  O = Oxalic  acid. 

2 CO  4-  Cl  = Chloroxalic  acid. 

In  the  same  way  sulphurous  acid,  SOg,  may  be  regarded  as 
the  radicle  of  the  folloAving  series  of  compounds  : — 

SO2  4-  O Sulphuric  acid. 

SO2  4-  S Hyposulpburous  acid. 

2 SO2  4-  O Hyposulphuric  acid. 

SOg  4-  Cl  Chlorosulphuric  acid. 

SOg  + NOg  Nitrosulphuric  acid. 

The  second  equivalent  of  oxygen  in  carbonic  acid,  and  the 
third  equivalent  of  the  same  element  in  the  sulphuric  acid,  are 
here  regarded  as  in  a different  state  of  combination  from  those  in 
the  radicle,  and  may  therefore  be  remoA^ed,  and  their  respectwe 
places  supplied  by  the  substitution  of  equivalents  of  other  simple 
as  well  as  compound  bodies ; and  by  such  substitution  their 
capacity  of  saturation,  as  of  the  sulphurous  acid,  is  not  altered. 

§ 900.  It  may,  lioAveA'er,  be  A^eiy  reasonably  doubted, 
whether  any  real  adA'ance  in  the  philosojAliy  of  chemistr}'  has 
yet  been  made  by  this  hypothetical  extension  of  the  theorj'  of 
organic  radicles,  or  Avhether  Ave  thus  arrive  at  the  real  constitution 
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of  equivalent  groups.  We  liave  seen,  that  in  the  electrolysis  of 
certain  secondary  compounds,  the  current  affinity,  or  voltaic 
force,  does  not  separate  them  into  the  proximate  principles,  by 
the  contact  and  mutual  action  of  which  they  were  originally 
formed,  but  generally  into  a simple  cation,  or  metal,  and  com- 
pound anion,  sometimes  of  a very  complex  constitution ; which 
must  be  exactly  equivalent  to  one  another  in  the  polar  axis  of 
forces.  In  some  cases  the  cation  itself  is  also  complex,  but  de- 
monstrably equivalent  to  a metallic  body  for  which  it  is  capable 
of  substitution;  and  in  all  cases  the  combining  proportions  are 
those  of  the  sums  of  the  elementary  ingredients  of  the  compound. 

§ 901.  Before  this  voltaic  equivalency  of  compound 
groups  ^vith  simple  substances  had  been  determined,  the 
sagacity  of  Sir  H.  Davy  suggested,  as  we  have  already  seen,  a 
theory  of  the  constitution  of  acids  and  salts,  in  which  this 
dualism,  which  is  the  essence  of  the  electro- chemical  theory, 
was  rendered  probable  from  the  substitution  of  one  group  of 
substances  for  another  in  combination  with  simple  substances. 
Since  it  has  been  demonstrated  that  such  groups  actually  travel 
in  the  voltaic  circuit  as  equivalents  to  the  elementary  substances, 
there  cannot  exist  a doubt  that  the  mutual  affinities  of  their 
constituent  parts  are  balanced  in  such  a way  as  to  give,  as  a 
resultant,  a definite  combining  power,  whose  ratio  is  fixed  with 
regard  to  the  numbers  of  all  the  elementary  substances  upon  the 
chemical  scale.  More  extended  experiment  in  this  direction, 
promises  to  throw  much  more  light  upon  the  intimate  nature  of 
complex  chemical  composition. 

In  cyanogen  we  are  presented  with  an  organic  radicle  which, 
having  been  originally  determined  upon  the  pure  chemical 
principle  of  substitution,  has  its  title  to  that  distinction  fully 
confirmed  by  the  results  of  electrolysis.  If  sulphuric  acid  were 
composed  of  the  compound  radicle  SO^  and  oxygen,  ought  we 
not  to  expect  that  would  travel  as  an  anion  in  the  voltaic 
circuit?  but  we  have  seen  (§  791)  that  the  real  anion  is  SO4:  and 
so  in  the  electrolysis  of  a carbonate,  and  not  CO  is  evolved 
at  the  zincode. 

But  it  is  not  always  that  this  appeal  can  be  made  to  inde- 
pendent experiment.  With  regard  to  organic  compounds,  they 
are  unfortunately  most  of  them  deficient  in  electric  conducting 
power;  so  that  this  class  of  radicles  can  seldom  be  made  to 
exchange  in  the  voltaic  circuit.  We  thus  lose  the  advantage  of 
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this  strong  concurrent  proof,  and  as  many  of  them  cannot  be 
produced  in  a separate  state,  we  are  thrown  upon  the  pheno- 
mena of  substitution  alone  for  the  evidence  of  their  existence 
and  constitution. 

§ 902.  A sketch,  even,  of  a system  of  organic  chemistry  is 
far  beyond  our  present  design;  much  more  a minute  description 
of  the  literally  numberless  combinations  which  are  presented  to 
us  as  the  results  of  the  inimitable  chemistry  of  nature,  and  of 
those  transformations  which  have  been  produced  by  their  modern 
alliance  with  the  agents  of  the  inorganic  kingdom.  We  wiU, 
however,  select  for  description  and  study,  such  substances  and 
non-vital  processes  as  it  is  conceived  may  best  illustrate  general 
principles  and  tend  to  elucidate  the  philosophy  of  our  subject. 

§ 903.  We  must  first,  however,  advert  to  the  principles 
upon  which  the  ultimate  analysis  of  organic  substances  is  con- 
ducted, the  application  of  which  to  practice  with  all  its  results, 
appears  so  simple  in  description,  as  to  excite  perpetual  wonder 
at  the  slenderness  of  the  foundation  upon  which  so  vast  a 
structure  has  been  reared. 


ULTIMATE  ORGANIC  ANALYSIS. 

§ 904.  The  process  in  fact  consists  in  the  simple  and  com- 
plete combustion  of  minute  but  accurately  determined  quantities 
of  the  organic  substance  by  means  of  pure  oxygen  gas,  or  by 
mixing  it  with  some  solid  body  capable  of  furnishiiig  oxygen  to 
it  on  the  application  of  heat;  and  the  accurate  estimation  of  the 
results.  The  carbon  is  thus  converted  into  carbonic  acid,  the 
hydrogen  into  water,  and  from  the  known  composition  of  these 
compounds,  their  elements  are  calculated ; the  nitrogen  escapes 
combination,  and  its  quantity  may  be  determined  by  a separate 
process. 

It  is  easy  to  conceive  the  scmpulous  care  which  it  is  neces- 
sary to  observe  in  these  simple  operations;  to  obtain  the  sub- 
stance to  be  analyzed,  which  never  exceeds  from  7 to  9 grains 
in  quantity,  in  a state  of  purity,  and  free  from  hygrometric 
water,  and  in  general  in  all  the  operations  of  weighing  and 
measuring.  The  necessary  precautions  are  described  in  different 
manuals  of  manipulation,  but  would  be  here  misplaced. 
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§ 905.  The  combustion  by  pure  oxygen  gas  is  best  per- 
formed in  an  apparatus  contrived  by  Dr.  Prout,  and  is  upon  the 
whole  the  most  complete.  It  essentially  consists  of  two  siphon 
gasometers  of  glass  accurately  divided  into  cubic  inches  and 
hundredth  parts,  which  are  connected  together  at  their  upper 
ends  by  a tube  of  green  glass,  containing  the  substance  to  be 
burned  mixed  with  black  oxide  of  copper,  and  fitted  into  two 
double-way  stop-cocks  opening  or  cutting  off  communication 
with  the  air  or  with  the  gasometers  at  pleasure.  A long  spirit 
lamp  with  a row  of  cotton  wicks  is  placed  under  the  tube,  so 
as  gradually  and  completely  to  envelope  it  in  flame  when 
required.  Both  the  siphon  tubes  are  filled  with  mercury,  and 
afterwards  into  one  of  them  is  admitted  as  much  pure  oxygen 
as  may  be  required  for  the  operation.  The  tube  is  then  gradually 
brought  up  to  a red  heat,  and  the  oxygen  passed  through  it 
from  one  gasometer  to  the  other  by  the  pressure  of  a small 
column  of  mercurj^,  regulated  by  a funnel  with  a stop-cock 
placed  on  the  top  of  each  siphon.  The  organic  substance  is 
thus  completely  burned,  first  by  the  reduction  of  the  heated 
oxide  of  copper,  and  afterw^ards  more  completely  by  the  oxygen 
passed  over  it,  which  at  the  same  time  reoxidates  the  copper 
and  leaves  it  in  its  original  state.  After  the  operation  the 
apparatus  is  allowed  to  stand  till  every  part  has  acquired  its 
original  temperature,  and  then  the  volume  of  the  gas  is  accu- 
rately observed,  and  it  is  almost  unnecessary  to  add,  that  not 
only  must  the  thermometer  but  the  barometer  be  noted  for  the 
purpose  of  applying  any  correction  for  changes  which  may 
have  occurred  (168). 


(168)  A B,  in  the  following  figure,  is  a platform  furnished  with  four 
levelling  screws  cc.  Into  this  platform  are  fixed  perpendicularly  four 
pillars  D E D E supporting  a smaller  platform  F p,  which  may  he  fixed 
or  removed  at  pleasure  by  the  pins  ab  ab ; ii  are  glass  tubes  graduated 
to  hundredths  of  a cubic  inch,  and  cemented  at  bottom  into  semicir- 
cular iron  tubes  inclosed  in  the  blocks  K K.  These  tubes  are  furnished 
at  bottom  with  iron  stop-cocks  s s for  drawing  off  the  mercury  Avhen 
it  may  he  necessary.  Into  the  other  ends  of  these  semicircular  tubes 
are  likewise  cemented  the  smaller  glass  tubes  l L,  a little  longer  than 
the  tubes  1 1,  and  forming  with  them  when  taken  together  inverted 
siphons.  On  the  top  of  each  smaller  tube  is  a funnel  R R,  furnished 
with  a stop-cock  to  allow  mercury  to  flow  into  them  with  any  required 
velocity.  On  the  tops  of  the  longer  tubes  1 1 are  cemented  the  two- 
way  stop-cocks  M M. 

On  the  platform  ff  is  .a  thin  piece  of  wood  N capable  of  being 
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§ 906.  Supposing  the  Substance  to  have  consisted  of 
carbon,  hydrogen,  and  oxygen  alone,  one  of  these  three  things 
must  have  happened  : — 

1st.  The  original  bulk  of  the  oxygen  may  remain  the  same  ; 


raised  or  depressed  by 
the  screws  o o : on  this 
the  spirit  lamp  q is 
placed  at  any  distance 
that  may  be  required 
from  the  combustion 
tube  p. 

When  the  apparatus 
is  to  be  employed,  both 
the  siphon-gasometers 
I L I L are  to  be  filled 
with  mercury.  The  tube 
I is  then  to  be  filled  with 
any  quantity  of  oxygen 
that  may  be  required, 
generated  from  chlorate 
of  potassa.  The  tube  p 
containing  the  substance 
to  be  analyzed  is  then  to 
be  firmly  fixed  between 
the  cocks  mm  and  sub- 
jected to  heat,  during 
which  the  oxygen  is  to 
be  transferred  from  si- 
phon to  siphon  through 
the  red-hot  tube  with 
any  velocity  that  may  be 
required,  and  w hich  may 
be  regulated  by  means 
of  one  of  the  stop-cocks 
of  the  funnels  R r,  and 
the  stop-cock  s of  the 
opposite  siphon. 

The  capacity  of  the 
gasometers  may  be  in- 
creased by  a bulb  near 
the  top  of  the  larger  leg 
of  the  siphon,  as  showm 
by  the  dotted  lines  in 
the  figure. 


LIEBIG'S  APPARATUS. 
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in  which  case  the  hydrogen  and  oxygen  in  the  substance  must 
have  existed  in  it  in  the  same  proportions  in  which  they  exist 
in  water;  or, 

2ndly.  The  original  bulk  of  the  gas  may  be  increased,  in 
which  case  the  oxygen  must  have  existed  in  the  substance  in  a 
greater  proportion  than  in  water. 

3rdly.  The  bulk  may  be  decreased,  in  which  case  the  hydrogen 
must  have  preponderated. 

It  is  obvious  that  in  the  first  of  these  cases  the  composition 
may  be  determined  by  simply  ascertaining  the  quantity  of  car- 
l)onic  acid  yielded  by  a known  weight  of  the  substance ; while 
in  the  other  two  it  may  be  calculated  from  the  same  data  and 
observations  of  the  excess  or  deficiency  of  the  original  bulk  of 
the  gas  employed.  If  nitrogen  should  have  been  present  in  the 
substances  burned,  its  amount  may  be  determined  by  an  exami- 
nation of  a portion  of  the  products,  which  may  easily  be  with- 
drawn for  that  purpose. 

§ 907.  The  more  usual  process,  however,  is  to  calcine 
the  organic  substance  properly  mixed  with  oxide  of  copper,  or 
pure  chromate  of  lead,  as  sources  of  oxygen ; and  to  condense 
the  carbonic  acid  in  a weighed  solution  of  pure  potassa  and  the 
water  in  a tube  containing  chloride  of  calcium,  and  ascertain 
the  increase  of  weight  (169). 


(169)  This  sketch  represents  the  apparatus  by  which  this  process 
is  usually  conducted,  ghd  is  a small  chaffer  of  sheet  iron.  The 
combustion  tube  a of  hard  glass  is  placed  in  it  with  its  open  end 
projecting  about  1|  inch,  so  that  the  cork  by  which  the  water  tube  b 
is  attached  to  it  may  not  be  in  danger  of  charring.  In  the  end  of  the 


latter  a little  cotton  wool  is  placed,  and  then  it  is  filled  with  fresh 
fused  chloride  of  calcium  and  a little  more  cotton.  The  potash  bulb- 
tube,  the  invention  of  Liebig,  klm^  consists  of  a tube  on  which  are 
blown  fine  bulbs : the  three  interior  communicating  by  pretty  wide 
openings,  but  each  outer  bulb  separated  from  the  others  by  a couple 
of  inches  of  tube.  The  figure  shows  the  form  into  which  the  tube  is 
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DETERMINATION  OF  NITROGEN. 


Nothing  is  to  be  feared  in  this  process  from  hygrometric 
moisture ; and  the  carbonic  acid  and  water  being  ascertained  by 
gaseous  measure  instead  of  weight,  are  susceptible  of  most  accu- 
rate determination. 

§ 908.  The  nitrogen  may  be  determined  in  two  ways; 
either  by  collecting  it  in  the  free  state,  as  gas,  or  by  converting 
it  into  ammonia  and  forming  the  ammonio-chloride  of  platinum. 

The  material  employed  in  this  latter  case  is  a mixture  of  one 
part  of  hydrate  of  soda  and  two  of  lime,  or  one  part  of  hydrate 
of  potassa  and  three  of  lime,  which  is  to  be  mixed  with  the 
weighed  substance  in  a warm  and  dry  porcelain  mortar,  and 
introduced  into  a combustion  tube  connected  with  an  ajiparatus 
with  three  bulbs,  containing  some  pure  hydrochloric  acid 
(sp.  grav.  1.130).  The  products  of  the  combustion  are  passed 
through  the  acid,  which  absorbs  the  whole  of  the  ammonia 
which  the  nitrogen  forms,  and  a solution  of  pure  chloride  of 
platinum  in  excess  is  added  to  the  liquid,  and  the  whole  is 
evaporated  to  dryness.  The  dry  residue  is  then  treated  with  a 
mixture  of  two  volumes  of  alcohol  and  one  of  ether  to  remove 
the  excess  of  the  chloride  of  platinum,  and  the  ammonio-chloride 
of  platinum  may  be  collected  on  a filter,  dried  and  weighed. 
From  its  weight  the  amount  of  ammonia  and  consequently  of 
nitrogen  is  easily  calculated. 

The  oxygen  is  always  determined  as  loss  on  the  original 
weight  of  the  substance. 

For  liquid  and  other  volatile  substances  these  processes  are 
easily  modified  by  placing  them  in  tubes  or  biilbs  of  glass  near 
the  closed  end  of  the  combustion  tube. 

§ 909.  We  thus  ascertain  from  a given  weight  of  anj’’ 
organic  substance  the  amount  per  cent,  of  carbon,  hydrogen. 


bent,  and  the  proportions  of  the  several  bulbs.  The  three  central 
bulbs  are  nearly  filled  with  a strong  solution  of  caustic  potassa, 
and  the  apparatus  attached  to  the  small  tube  i of  the  water  tube 
by  a connector  of  caoutchouc  tied  very  carefully  on.  It  is  to  be 
adjusted  to  such  an  inclination  as  that  the  carbonic  acid  may  pass 
in  bubbles  from  bulb  to  bulb  without  danger  of  expelling  any  portion 
of  the  liquid.  Ignited  charcoal  is  first  placed  round  the  first  three 
inches  of  the  tube;  and  added  gradually  by  means  of  the  screens  e f, 
which  are  slowly  withdrawn  from  one  end  to  the  other  of  the  furnace 
so  as  progiessively  to  heat  the  whole  of  the  tube  to  a bright  red. 


CALCULATION  OF  EQUIVALENTS. 


GIl 


oxygen,  and  nitrogen,  in  its  constitution ; as,  taking  pure  cane 
sugar  for  an  illustration,  we  find  it  to  be  constituted  as  follows : 

C . . . 42.4 

II  . . . 6.5 

O . . . 51.1 

100. 


But  as  the  law  of  definite  equivalent  proportions  holds  no 
less  in  the  most  complicated  organic  product  than  in  the  simplest 
inorganic  compound,  we  require  to  know  from  these  results  in 
100  parts  the  number  of  equivalents  of  each  ingredient  in  a 
single  equivalent  of  the  sugar.  For  this  purpose  we  divide  the 
amount  of  the  carbon,  hydrogen,  and  oxygen  respectively  by 
their  simple  equivalent  numbers,  and  we  obtain 


C 

H 

O 


42.4 


= 7.06 


6.5 

51.1 


6.50 

6.35 


expressive  of  the  relative  numbers  of  the  equivalents  of  each 
ingredient.  The  nearest  whole  numbers  which  correspond  to 
these  are  found  by  a simple  calculation  to  be 

C ...  12 

H ...  11 

O ...  11 


§ 910.  We  obtain  the  most  satisfactory  confirmation  of 
such  a result  when  the  compound  thus  analyzed  is  found  to 
enter  into  combination  with  other  bodies  in  the  proportion  of 
its  equivalent  thus  ascertained,  or  some  multiple,  sub-multiple, 
or  obvious  modification  of  it. 

Sugar,  when  exposed  to  a temperature  not  exceeding  420° 
Fahrenheit,  first  melts  and  then  gives  off  water,  leaving  a sub- 
stance which  is  known  by  the  name  of  caramel.  If  the  heat 
be  carried  beyond  the  degree  specified  inflammable  gases  are 
given  off,  and  the  constitution  of  the  compound  is  completely 
broken  up.  Caramel  is  composed  of  Cjg  Hg  Og,  which  appears 
to  be  tlie  true  organic  radicle ; for 

C|2,  Hg,  Og  -P  2 HO  = Cane  sugar. 

Cj2,  Hg,  Oy  -P  3 HO  :=  Grape  sugar. 

2 R 2 
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CLASSIFICATION  OF  ORGANIC  PRODUCTS. 


§ 911.  Sugar,  moreover,  enters  readily  into  combination 
with  certain  inorganic  bases,  and  the  constitution  of  such  com- 
pounds is  easily  determined  by  burning  off  the  organic  radicle. 

The  results  are  as  follows : 

Cj2,  Hg,  Og  4-  I Compound  with  baryta. 

HO  1 

Cj2,  Hg,  Og  + I Compound  with  lime. 

C^j,  Hg,  Og  -|-  2 PbO  Compound  with  oxide  of  lead. 

It  is,  however,  unfortunately  not  often  that  such  convincing 
proofs  can  be  obtained  of  the  correctness  of  an  organic  analysis. 

§ 912.  It  is  not  easy  to  devise  a good  classification  of  the 
merely  unorganized  products  of  organization  with  which  alone 
we  are  at  present  concerned.  The  rapid  transition  state  of  the 
whole  subject  seems  to  set  permanent  arrangement  at  defiance ; 
but  perhaps  they  may  be  usefully  divided  into  two  groups, — 
the  Alimentary  (or  such  as  are  adapted  to  the  assimilation 
and  growth  of  plants  and  animals)  and  the  Non-Alimentary. 
Under  these  two  heads  a subdivision  may  be  made  as  follows, 
at  least  of  such  as  we  shall  hereafter  have  occasion  to  refer  to : 

ORGANIC  PRODUCTS. 


Alimentary. 

Non- Alimentary. 

Sugar. 

Acids. 

Starch. 

Bases. 

Lignin. 

Neutral  principles. 

Mannite. 

Volatile  oils  and  resins. 

Gum. 

Wax,  &c. 

Pectin. 

Colouring  matters. 

Gluten. 

Fats  and  fixed  oils. 

Albumen. 

Fibrin. 

Casein. 

Gelatin. 

G13 
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ALIMENTARY  PRINCIPLES. 

Sugar,  Starch,  Gum,  &c. 

§ 913.  From  the  analysis  of  sugar  which  we  have  already 
sufficiently  detailed  it  will  be  seen,  that  the  oxygen  and  hydrogen 
which  exist  in  it  are  in  the  exact  proportions  which  together 
form  water;  and  this  is  the  case  with  all  its  varieties,  which  may 
be  considered  as  differing  from  one  another  in  the  amount  of 
water  which  they  contain.  MM.  Gay  Lussac  and  Thenard 
proposed  to  divide  organic  substances  upon  this  principle,  into 
such  as  contained  oxygen  and  hydrogen  in  exact  combining 
proportions  (or  neutral  substances),  those  which  contained 
hydrogen  in  excess  (or  inflammable  substances),  and  those 
which  contained  oxygen  in  excess  (or  acids).  This  distinction 
is  still  useful,  though  the  progress  of  science  has  shewn  it  to  be 
not  absolute.  It  was  not  supposed  that  the  oxygen  and  hydro- 
gen in  the  neutral  substances  were  actually  combined  in  the 
state  of  water,  and  yet  it  is  highly  probable,  that  a portion  of 
these  elements  exists  in  them  as  the  constitutional  water  or 
water  of  crystallization  of  inorganic  substances,  while  another 
portion  enters  more  intimately  into  their  essential  constitution. 

§ 914.  The  first  three  substances  in  our  list  of  alimentary 
products  all  belong  to  the  neutral  class,  and  in  many  of  their 
varieties  are  isomeric.  The  ultimate  analysis  of  starch  gives  the 
following  formula  for  its  equivalent, 

CisHioOio^ 

and  in  combination  -with  oxide  of  lead — 

Ci2,  Hg,  Og  + 2 PbO 

The  formula  for  lignin  comes  out — 

Gi2,  Hgj  Ob 

while  that  of  gum  is — 

0i2,  Oji 

§ 915.  Starch,  however,  from  late  researches  has  been 
found  to  be,  not  only  an  organic  but  an  organized  substance, 
and  as  such  would  not  fall  within  the  intended  compass  of  our 
present  observations.  It  appears  by  examination  with  the 
microscope,  that  each  grain  has  a species  of  envelope  which 
surrounds  the  interior  part  consisting  of  concentric  layers  of 
unequal  thickness.  The  former  is  unacted  upon  by  cold  water; 
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but  imbibes  water  at  140°,  which  combining  with  the  interior 
contents  of  the  cells  swells  and  bursts  them.  When  grains  of 
starch  are  rubbed  in  a mortar  with  sand  their  coating  is  broken, 
and  then  even  cold  water  will  expand  the  mass  and  form  with  it 
a transparent  jelly.  The  water  does  not  in  this  manner  dissolve 
it,  for  the  jelly  so  produced  may  be  dried  upon  blotting  paper 
and  restored  to  its  former  state.  Boiling  water,  however, 
dissolves  the  interior  portion  of  the  cells,  which  may  be  sepa- 
rated from  the  integuments  which  constitute  three  or  four 
thousandths  of  the  whole,  by  filtration.  It  seems  more  than 
probable  that  the  whole  of  the  organization  is  not  destroyed 
even  by  this  treatment. 

§ 916.  Lignin,  or  the  basis  of  woody  fibre,  one  of  the 
purest  forms  of  which  is  weU-bleached  flax  or  linen,  is  also 
probably  an  organized  substance,  consisting  of  cells,  inclosing 
the  true  ligneous  matter,  which  is  dissolved  by  strong  nitric  acid 
which  does  not  act  upon  their  integuments. 

§ 917.  Mannite  is  a compound  which  has  many  ana- 
logies with  sugar,  but  differs  from  it  in  having  an  excess  of 
hydrogen ; its  formula  being  CgH^Og.  It  is  the  sweet  principle  of 
manna,  and  exists  also  in  mushrooms.  When  manna  is  digested 
in  boiling  alcohol  and  the  liquor  filtered  while  hot,  it  crystaUizes 
from  its  solution  in  white  tufts  of  needles.  Its  taste  is  slightlv 
sweet.  It  is  very  soluble,  and  it  may  be  kept  in  fusion  by  heat 
without  loss  of  weight. 

§918.  Gum.  The  juices  of  plants  very  commonly  con- 
tain gum  or  mucilage,  which  often  exudes  from  their  barks  and 
collects  into  drops  which  are  soluble  in  water  but  not  in  alcohol. 

§ 919.  Pectin,  or  vegetable  jelly,  is  a substance  bear- 
ing many  analogies  with  mucilage  and  abounds  in  the  juices  of 
many  fruits  and  roots.  It  may  readily  be  obtained  by  filtering 
the  juice  and  mixing  it  in  alcohol.  After  some  hours  the 
pectin  separates  as  a tenacious  jelly.  It  may  be  collected  on 
a filter,  washed  with  alcohol,  and  dried.  It  forms  a transparent 
mass  like  isinglass,  when  immersed  in  water  it  swells  up,  and 
one  part  with  one  hundred  parts  of  water  yield  a firm  jelly. 
The  result  of  its  ultimate  analysis  gives  a formula  very  different 
from  that  of  gum,  viz.: 

C,,  1I„  O22 
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Table  XLVI.  Sugars  and  their  Congeners. 


Name. 

Whence  obtained. 

/Arrowroot 

Starch 

Sago 

■1 

Tapioca 

VSalep 

> 

Inulin 

Dahlia  roots 

Lignin 

Pure  vegetable  fibre 

Gum  arabic 

Acacia  arabica,  &c. 

Dextrin 

( Action  of  beat,  diastase, 
1 on  starch 

&c.,| 

[ Sugar  cane 

Cane  sugar 

{ Maple  sugar 
1 Beet-root  sugar  . 
/"Starch  sugar 

’ \ 

Grape  sugar 

Diabetic  sugar  . 
Honey  sugar 

i:  ■ 

'Sugar  of  fmits  . 

• / 

Caramel  . 

By  melting  sugar 

. 

Sugar  of  milk 

From  milk 

. 

Mushroom  sugar 

Ergot  of  rye 

. 

Mannite  . 

J uice  of  Fraxinus  ornus,  &c. . < 

Formula. 


Cj2  H,„  O 


10  '-'10 


Cj2  Hg  Og,  aq 
^12  Hg  Og 


'12  O,, 


Ci2  II, O O 


10  '-'10 


Ci2  H„  0 


11  '-'11 


hCi2  Hj^2  0^2, 2aq 


Cj2  Hg  Og 


'12 


"■13  '-'13 


§ 920.  Gluten,  the  tenacious  substance  which  remains 
after  the  starch  has  been  washed  out  of  wheat  flour  by  cold 
water,  is  composed  of  two  substances  which  may  be  separated 
from  each  other  by  l)oiling  alcohol,  which  dissolves  gluten  and 
leaA'es  a vegetable  albumen  behind.  The  gluten  may  be  pre- 
cipitated by  mixing  the  solution  with  cold  water,  collected  and 
dried.  The  results  of  the  analysis  of  gluten  by  different 
chemists  are  not  consistent  with  each  other;  but  it  appears  to 
differ  from  the  preceding  substances  in  containing  nitrogen. 

It  will  not  excite  surprise  to  find,  that  compounds  so  closely 
resembling  one  another  as  these  neutral  substances  should  by 
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FIXED  OILS,  &c. 


slight  causes  affecting  the  arrangement  of  their  parts  be  con- 
vertible into  each  other.  Thus,  sugar  may  be  produced  from 
starch  and  lignin  by  long-continued  boiling  with  dilute  sul- 
phuric acid,  in  which  process  the  acid  undergoes  no  change, 
and  may  be  separated  from  the  product  by  chalk  in  the  form  of 
sulphate  of  lime. 

§ 921.  When  dry  starch  again  is  heated  in  an  oven  it 
becomes  brown  and  soluble  in  water,  and  is  converted  into  a 
species  of  gum  whieh  is  very  extensively  used  in  manufacture. 
It  also  precedes  the  full  formation  of  sugar  in  the  process  of 
boiling  with  dilute  sulphuric  acid.  It  has  received  the  name  of 
Dextrin  from  its  effect  upon  polarized  light,  the  plane  of 
polarization  being  turned  by  its  solution  to  the  right. 


Fats,  Fixed  Oils,  &c. 

§ 922.  The  fats  and  fixed  oils,  which  are  very  numerous 
and  constitute  a large  part  of  the  class  of  inflammable  organic 
products,  in  which  hydrogen  predominates,  we  can  only  now 
describe  by  their  general  characters.  They  chiefly  consist  of 
mixtures  of  two  simple  fats,  stearin  and  margarin,  and  a 
simple  oil,  elam,  accompanied  by  smaller  portions  of  other  fats 
or  oils  which  are  often  peculiar  to  particular  plants  or  animals. 
They  may  be  regarded  as  natural  compounds  of  certain  organic 
acids  with  an  organic  base,  to  which  the  name  of  glycerin  has 
been  given  from  its  sweet  taste.  The  latter  may  be  separated 
by  boiling  the  oil  or  fat  with  a solution  of  caustic  alkali  or  oxide 
of  lead,  which  displaces  it  with  the  acid  and  forms  compounds 
which  are  well  known  by  the  name  of  soaps  and  plasters.  This 
separates  from  the  liquid  which  contains  the  glycerin,  which 
after  neutralizing  any  excess  of  alkali  by  tartaric  acid  may  be 
evaporated  to  a thick  syrup,  from  which  strong  alcohol  vdll 
dissolve  out  the  glycerin.  It  cannot  be  obtained  in  the  solid 
form,  but  in  its  state  of  greatest  exsiccation,  it  is  colourless,  and 
has  a specific  gravity  =1.26. 

Its  ultimate  analysis  gives  its  equivalent 
Ce  U,  O5  -1-  HO 

§ 923.  Stearic  acid  may  be  obtained  pure  by  saponifying 
stearin  by  potash,  and  decomposing  the  stearate  of  potassa  by 
means  of  warm  dilute  muriatic  acid.  The  stearic  acid  precipi- 
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tates,  and  after  washing  is  dissolved  in  boiling  alcohol,  whence 
it  crj'^stallizes  on  cooling  in  brilliant  white  plates. 

Its  composition  is  Cgg,  Hge,  O5+2HO ; and  the  composition 
of  stearin, 

2(068,  Hoe,  O5)  + (Ce,H,06)  + 2 HO 

§ 924.  Margaric  acid  is  prepared  from  margarin,  which 
exists  along  with  stearin  in  most  fats,  by  precisely  the  same 
kind  of  process  as  the  stearic  acid.  On  solidifying  it  crystal- 
lizes in  white  needles  which  melt  at  a lower  point  than  the 
stearic  acid : the  fusing  point  of  the  former  being  140°,  and  of 
the  latter  158°. 

Its  formula  is  C31,  H33,  O3-HHO  : and  that  of  margarin, 
2(0341X3303)  4-  (CeH,  Oo)  -p  HO 

Margarin  is  separated  from  stearin  by  ether,  which  dissolves 
the  first  but  not  the  last. 

§ 925.  Elaic  or  oleic  acid  is  obtained  from  elain  by 
saponification  with  a strong  solution  of  potassa.  The  oleate  of 
potassa  is  then  decomposed  by  muriatic  acid,  washing  the  oil 
which  separates,  and  drying  it  with  chloride  of  calcium.  It  con- 
geals at  a temperature  below  20°  Fahr.,  into  a mass  of  needles. 

Its  composition  is 

C44  H39  O4  4-  HO 

The  composition  of  elain  is 

2 (C44  H39  O4)  4-  (Ce  H;  Os)  4-  2 HO 

It  exists  in  small  quantity  in  the  various  solid  fats,  but  con- 
stitutes the  great  mass  of  the  liquid  fixed  oils  which  are  not 
drying  oils.  The  expressed  oil  of  sweet  almonds  is  the  purest 
native  elain. 

§ 926.  The  high  equivalent  numbers  of  some  of  these 
organic  principles,  considered  as  derived  from  their  ultimate 
analysis,  would  scarcely  have  commanded  our  full  confidence, 
inasmuch  as  the  proportions  of  their  ingredients  per  cent,  lie 
within  such  narrow  limits  as  to  confound  small  differences  with 
the  necessary  errors  of  experiment,  had  they  not  been  fuUy  con- 
firmed by  the  results  of  their  secondary  combinations,  but  all 
doubt  ceases  when  we  find  that  their  combining  proportions 
can  be  made  up  of  the  sum  of  a certain  number  of  equivalents 
of  their  elementary  constituents  so  as  to  agree  with  the  products 
of  their  combustion. 
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Table  XLVII.  Hydrates  of  the  Fatty  Acids. 


Name. 

Whence  obtained. 

Formula. 

Kemarks. 

Butyric 

Cow  and  goat  butter 

Os  Hg  O3,  aq 

Caproic 

do.  do. 

Oi2  Hg  O3,  aq 

Capric 

do.  do. 

Ojs  H34  O3,  aq 

Suberic 

iCork,  by  action  of) 
1 nitric  acid  . j 

Og  Hg  O3,  aq 

>Isomeric. 

Azelaic 

Oleic  acid  by  nitric  . 

Os  Hg  O3,  aq 

] 

Sebacic 

1 Distillation  of  oleic  1 
1 acid  . . [ 

Oio  Hg  O3,  aq 

.iFnanthylic 

I Castor  oil  by  nitric  1 
1 acid  . . ) 

0]4  Hi3  O3,  aq 

1 Supposed  two 
(“Oxides  of  the 

jEnantbic 

In  various  wines 

Oi4  H43  Og,  aq 

Jsame  radicle. 

Piruelic 

Oleic  acid  by  nitric  . 

O7  Hg  O3,  aq 

Butyroleic  . 

Butter  . 

O34  H3Q  O4,  aq 

Phocenic 

Fat  of  dolphin 

Oio  H.^  O3,  aq 

Cocostearic  . 

Cocoa-nut  oil  . 

O27  Hog  O3,  aq 

Sericic 

Oil  of  nutmegs 

Ojs  Ho^  O3,  aq 

Palmitic 

Ethalic 

Palm  oil 
From  spermaceti 

O32  H34  O3,  aq 
O32  II3J  O3,  aq 

jlsomeric. 

Margaric 

Stearic 

Human  fat 
Most  hard  fats 

O34  H33  O3,  aq 
Ofis  Hgg  O5,  2 aq 

1 Supposed  two 
(■oxides  of  Mar- 
Jgarule  (O34H33) 

Oleic  . 

Most  fixed  oils 

O44  H3q  O4,  aq 

Elaidic 

Oleic  acid 

O72  Hq4  O3,  2aq 

Neutral  Fatty  Bases. 

Glycerin 

( The  sweet  principle  ] 
1 of  oils  . . I 

Oe  Hg  Og 

Ethal  . 

From  spermaceti 

O46  H^7  0 
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§ 927.  The  organic  principles  which  we  have  next  to 
notice  differ  from  the  preceding  in  all  containing  nitrogen  and 
small  portions  of  sulphur  and  phosphorus  in  their  constitution, 
and  it  appears  probable  that  they  are  products  both  of  animal 
and  vegetable  organization. 

Albumen,  Fibrin,  Casein,  &c. 

§ 928.  Albumen  constitutes  the  white  of  eggs,  and  may 
be  obtained  in  a solid  form  with  all  its  properties  unimpaired, 
by  evaporating  it  to  dryness  at  a temperature  carefully  kept 
below  120°.  It  also  constitutes  the  bulk  of  the  serum  of  the 
blood  of  animals.  When  the  solution  is  heated  to  between 
140°  and  150°  it  coagulates,  and  then  it  becomes  totally  in- 
soluble in  water. 

§ 929.  Fibrin  is  the  basis  of  the  muscular  tissue  of 
animals,  and  forms  an  important  constituent  of  the  blood;  in 
which  it  exists  in  a bquid  state  during  life ; but  separates  after 
death,  or  upon  extraction  from  the  body.  In  the  muscles 
there  is  no  doubt  that  it  is  an  organized  state.  It  may  be  ob- 
tained pure  from  the  blood  by  briskly  agitating  it  when  fresh 
drawn  with  a bundle  of  twdgs,  to  which  it  adheres  in  soft  tena- 
cious masses,  which  being  washed  and  digested  in  alcohol  and 
ether  may  afterwards  be  dried  and  constitute  pure  fibrin. 

§ 930.  Casein.  The  curd  of  milk  consists  principally 
of  casein,  and  greatly  resembles  albumen,  from  which  it  differs 
principally  in  not  being  coagulable  by  heat.  It  may  be  prepared 
by  adding  dilute  sulphuric  acid  to  skimmed  milk.  The  coagu- 
lum  which  forms  is  to  be  washed  and  afterwards  digested  with 
carbonate  of  lead  to  get  rid  of  the  acid.  The  casein  may  then 
be  dissolved  in  water ; the  solution  evaporated  to  dryness,  and 
treated  with  ether  to  dissolve  out  some  fat.  It  is  once  more 
dissolved  in  water,  from  which  it  may  be  precipitated  by 
alcohol. 

§ 931.  Now  from  late  researches  it  appears  that  these 
three  substances  are  all  also  products  of  vegetable  organization. 
We  have  already  stated  that  after  boiling  rough  gluten  in  alco- 
hol, an  insolulile  substance  remains  behind,  which  is  vegetable 
albumen.  It  is  moderately  soluble  in  water,  and  its  solution 
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coagulates  by  heat,  and  in  all  its  other  properties  it  exactly 
resembles  animal  albumen. 

From  the  juices  of  several  plants  a substance  was  obtained 
liy  Liebig  which  coagulates  spontaneously  and  differs  in  nothing 
from  fibrin : and  casein  (legumin)  exists  in  peas  and  beans, 
from  which  it  may  be  separated  by  diffusing  them  in  powder 
through  water,  when  the  casein  will  be  dissolved  and  the  starch 
subside.  It  may  be  obtained  by  evaporation  in  mucous  trans- 
parent pellicles  upon  the  surface  of  the  liquid. 

§ 932.  Now  the  ultimate  analysis  of  all  these  substances, 
as  performed  in  Liebig’s  laboratory  at  Giessen,  shows  their 
constitution  to  be  the  same,  as  exhibited  in  the  following  table. 


Table  XLVIII. 


Albumen. 

Fibrin. 

Casein. 

Carbon  . . . 

Animal. 

54.48 

Vegetable. 

55.01 

Animal. 

54.56 

Vegetable. 

54.60 

Animal. 

54.96 

V egetable. 

55.22 

Nitrogen  . . 

15.70 

15.92 

15.72 

15.81 

15.80 

15.98 

Hydrogen  . 

7.01 

7.23 

6.90 

CO 

7.15 

7.42 

Oxygen 
Sulphur  . . 

22.81 

21.84 

22.82 

22.28 

22.09 

21.38 

PhosphoiTis 

100. 

100. 

100. 

100. 

100. 

100. 

§ 933.  When  albumen,  fibrin,  or  casein  are  dissolved 
in  a moderately- strong  solution  of  potassa,  and  heated  to  about 
1 20°,  the  small  portions  of  phosphorus  and  sulphur  which  they 
contain  are  removed  from  them  in  the  forms  of  phosphate  of 
potassa  and  sulphuret  of  potassium,  and  then  if  the  solution  be 
saturated  with  acetic  acid  a gelatinous  substance  precipitates, 
which  is  the  same  from  all,  and  has  been  called  protein.  When 
washed  and  dried  it  is  yellowish,  hard,  easily  pulverized,  taste- 
less, and  insoluble  in  water  and  alcohol. 

Its  formula,  calculated  from  its  vdtimate  analysis,  comes  out 

C40  II31  X5  Oj2 
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and  alljumen  and  fibrin  may  be  considered  as  compounds  of 
protein,  with  sulphur  and  phosphorus  in  different  proportions  : 

Fibrin  and  the  albumen  of  eggs  lOPr  + SP 
Albumen  of  serum  . . . lOPr  + SgP 

Protein  combines  with  both  acids  and  bases,  and  these  combi- 
nations are  said  to  confirm  its  equivalent  number. 

§ 934.  Gelatin.  Animal  jelly  resembles  vegetable  jelly 
in  what  may  be  called  its  mechanical  proportions ; but  differs 
very  much  in  chemical  properties  and  constitution.  It  may 
be  obtained  from  the  skin  and  tendons  of  animals  by  boiling 
with  water,  when  a jelly  will  be  obtained  upon  cooling,  which  by 
careful  drjfing  forms  a brittle  semi-transparent  substance,  of 
which  glue  is  a variety. 

The  composition  of  gelatin  from  its  ultimate  analysis  may 
be  represented  by 

C,3  H,o  O5 


NON-ALIMENTARY  PRINCIPLES. 

Organic  Acids. 

§ 935.  Some  of  the  inorganic  acids  which  we  have  already 
examined  occur  amongst  organic  products,  particularly  the 
phosphoric,  the  hydrochloric,  and  the  sulphuric ; but  it  is  with 
the  acid  compounds  of  carbon,  oxygen,  and  hydrogen  that  we 
have  at  present  to  do.  These,  which  are  strictly  products  of 
organization,  agree  in  their  general  properties  with  the  first  class 
of  acids,  completely  saturating  the  salifiable  bases,  and  in  the 
process  of  electrolysis  making  their  appearance  at  the  zincode 
of  the  battery.  The  oxalic  acid,  which  is  a binary  compound 
of  carbon  and  oxygen  only,  we  have  already  sufficiently  de- 
scribed. It  is  a product  of  vegetable  organization,  and  exists 
in  the  form  of  an  acid  salt  of  potassa  in  several  species  of  plants, 
as  the  oxalis  and  rumex.  It  also  occurs  in  combination  with 
lime  in  several  lichens. 

§ 936.  The  ternary  acid  compounds  were  supposed,  by 
MM.  Gay  Lussac  and  Thenard  to  be  characterized  by  having 
more  oxygen  in  their  constitution  than  would  be  required  to 
convert  the  whole  of  their  hydrogen  into  water ; but  this  dis- 
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tinction  is  not  absolute.  Of  the  almost  numberless  variety 
which  this  class  includes  we  will  proceed  to  examine  a few, 
derived  both  from  vegetables  and  animals,  to  which  some  pecu- 
liar interest  attaches,  or  which  we  shall  require  for  the  illustra- 
tion of  the  general  principles  which  is  the  object  of  the  present 
summary. 

§ 937.  The  acetic  acid  exists  in  the  juices  of  many  plants 
in  combination  with  potassa,  and  hke  the  oxalic  acid,  with  the 
same  base  passes  into  carbonate  of  potassa  by  incineration.  It 
is,  however,  derived  from  other  sources  which  we  shall  pre- 
sently describe,  for  its  economical  applications,  which  are  very  i 
numerous  and  important. 

Like  the  acids  which  we  have  already  noticed,  it  is  only 
known  in  combination  with  water  and  salifiable  bases.  The 
hydrated  acid  crystallizes  at  temperatures  below  62°,  in  colour- 
less, transparent  scales.  It  is  a liquid  at  62°,  of  the  specific 
gravity  1.063,  of  a very  agreeable  penetrating  odour,  and  a 
most  pungent  acid  taste.  It  boils  at  248°,  and  distils  without  J 
change,  and  its  vapour  is  inflammable.  Its  formula  is,  | 

O4  H3  O3  + HO  I 

from  which  it  will  be  perceived  that  there  is  no  excess  of  oxygen  • 
in  its  composition.  ■ 

I 

§ 938.  Tartaric  Acid  exists  very  commonly  in  fruits,  and  1 
in  combination  with  lime  in  some  roots.  Its  chief  source  is  the 
juice  of  the  grape,  which  deposits  it  in  the  form  of  bitartrate  of  ! 
potassa,  or  tartar.  The  acid  is  obtained  by  dissolving  the  pure 
salt  in  boiling  water,  and  neutrahzing  the  solution  by  carbonate 
of  lime.  Only  haK  the  acid  at  first  is  thus  precipitated,  as  an  ' 
insoluble  tartrate  of  hme,  and  the  remainder  is  thro^m  down 
from  the  neutral  tartrate  of  potassa  by  chloride  of  calcium.  The 
tartrate  of  lime  thus  obtained  is  decomposed  by  sulphuric  acid, 
and  the  tartaric  acid  disengaged  is  separated  from  the  sulphate 
of  lime  by  washing,  evaporation,  and  crystallization.  Tlie 
crystals  are  white,  oblique  prisms  with  a rhombic  base,  and  of  a 
strongly  acid  agreeable  taste. 

It  is  a bibasic  acid,  and  its  formula  is 

CaILOio  + 2HO 

§ 939.  Now  it  is  curious  to  observe  that  this  constitution 
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may  be  represented  by  one  equivalent  of  bydrated  acetic  acid 
and  two  equivalents  of  hydrated  oxalic  acid  : 

(C8ll4  0io)  + 2HO  = (C^HaO.O  + HO  + 2(0303)  + HO 

and  if  tartaric  acid  be  treated  at  a high  temperature  with  a 
strong  solution  of  potassa  it  is  entirely  converted  into  acetate 
and  oxalate  of  potassa. 

§ 940.  Tire  anhydrous  acid  may  be  obtained  by  exposing 
the  crj^stals  of  tartaric  acid  for  some  time  to  the  temperature  of 
302°  Fahrenheit  in  an  oil-bath.  By  a proper  regulation  of  the 
temperature  it  may  be  made  to  part,  first  with  a fourth  and 
then  a half  of  its  water,  forming  modifications  of  the  acid, 
which  have  a considerable  analogy  with  the  phosphoric,  the 
pyro-phosphoric,  and  the  meta-phosphoric  acids.  This  will 
best  appear  by  doubling  the  equivalents ; thus 

Anhydrous  tartaric  acid  = Cje  H,,  Ooq 

„ Tartrelic  acid  = C^s  Hj,  Ooq  + 2 HO 

„ Tartralic  acid  = Cj^  Hg  Ooq  -t-  3 HO 

Crystallized  tartaric  acid  = Hg  Ogg  + 4 HO 

Tlie  anhydrous  acid  is  insoluble  in  cold  water ; the  salts  of 
the  tartrelic  and  tartralic  acids  with  alkahne  bases,  are  not 
crj'stallizable ; but  the  solutions  of  all  are  quickly  converted 
into  common  tartaric  acid  by  boding. 

If  the  heat  be  increased  to  320°,  the  liquid  acid  becomes 
brovTi,  decomposition  takes  place,  and  two  new  acids  are  formed. 

§ 941.  The  acid  produced  from  the  juice  of  grapes  grown 
in  the  district  of  the  Vosges,  presents  a curious  instance  of 
isomerism.  It  is  distinguished  by  the  name  of  para-tartaric 
acid  {racemic  acid).  Its  properties  differ  considerably  from 
those  of  the  tartaric.  It  appears  to  be  a more  powerful  acid, 
and  decomposes  nitrate  and  sulphate  of  lime  and  chloride  of 
calcium,  with  the  precipitation  of  para-tartrate  of  hme.  Some 
of  the  properties  of  its  salts  differ  from  those  of  the  tartrates. 

The  results  of  its  ultimate  analysis  are  absolutely  identical 
with  those  of  the  tartaric;  but  as  it  is  a monobasic  acid  it  may 
be  best  represented  by — 

C4ILO5  -P  HO 

The  results  of  its  treatment  by  heat  are  analogous  to  those  of 
the  tartaric  acid. 
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§ 942.  Benzoic  Acid.  This  acid  exists  in  several 
resins,  and  may  be  obtained  by  cautious  sublimation  from 
benzoin.  Or  it  may  be  combined  with  lime  by  boiling  the 
resin  with  that  base,  and  afterwards  precipitated  by  muriatic 
acid.  It  is  then  dissolved  in  boiling  water  and  allowed  to 
crystallize. 

Its  crystals  are  hexagonal  needles;  which,  when  pure,  are 
inodorous,  and  sweet  and  pungent  to  the  taste.  It  reddens 
litmus  feebly,  melts  at  248°,  and  sublimes  unchanged  at  293°. 
It  is  very  inflammable,  and  burns  with  a smoky  flame.  It 
forms  an  extensive  series  of  salts  with  the  dilferen^,  bases. 

Its  formula  is,  Cj4  Hg  O3  + HO 

§ 943.  Lactic  Acid  exists  naturally  in  many  animal  fluids, 
but  especially  in  milk.  When  the  latter  becomes  sour  it  con- 
tains this  acid  in  abundance.  To  obtain  it  pure  it  is  to  be  first 
neutralized  with  bicarbonate  of  soda,  evaporated,  and  the 
lactate  of  soda  taken  up  by  alcohol  at  100°  F.  Sulphuric  acid 
added  in  proper  quantity  to  the  alcoholic  solution  forms  sulphate 
of  soda,  which  precipitates,  and  the  liquid  yields  lactic  acid 
nearly  pure.  When  concentrated  to  the  utmost  by  evaporation, 
it  is  a thick  colourless  uncrystallizable  liquid,  specific  graAnty 
1.215,  without  odour,  and  having  a strong  sour  taste. 

Its  formula  is,  Cg  H5  O5  + HO 
and  this  agrees  with  its  combination  with  oxide  of  zinc. 

§ 944.  Tliis  acid  undergoes  a singular  change  when  ex- 
posed to  a temperature  of  482°  F.,  for  it  not  only  gives  off 
water,  but  undergoes  a partial  decomposition,  and  sublimes  in 
white  crystalline  needles,  of  which  the  composition  is  Cg,  H^,  O4, 
or  anhydrous  lactic  acid  minus  one  equivalent  of  oxygen  and 
hydrogen.  The  crystals  are  slowly  soluble  in  cold  water,  but 
very  readily  in  boiling  water,  when  the  acid  returns  to  the  state 
of  hydrated  lactic  acid.  The  lactic  acid  readily  dissolves  phos- 
phate of  lime,  which  some  acids,  and  particularly  the  acetic, 
win  not  take  up. 

§ 945.  Uric  Acid.  The  lithic  or  uric  acid  exists  in  the 
urine  of  all  carnivorous  animals,  and  in  the  white  part  of  the 
excrements  of  birds.  It  is  also  found  in  the  excrements  of 
reptiles,  and  even  insects,  as  the  silkworm.  It  is  best  prepared 
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from  the  solid  excrements  of  serpents  by  boiling  with  a solution 
of  potassa.  A solution  of  urate  of  potassa  is  thus  formed, 
from  which  an  excess  of  hydrochloric  acid  throws  down  the 
uric  acid  by  ebullition.  It  crystallizes  in  small  silky  scales; 
is  inodorous  and  insipid.  It  requires  10,000  parts  of  water  for 
its  solution,  and  it  is  but  slightly  soluble  even  in  hot  water. 
Its  solution,  however,  feebly  reddens  litmus  paper.  It  is 
insoluble  in  alcohol  and  ether,  but  is  taken  up  by  strong  sul- 
phuric acid,  from  which  it  is  again  precipitated  by  dilution  with 
water.  It  combines  with  the  metallic  oxides,  and  the  urates 
of  the  alkalies  are  sparingly  soluble  in  cold  water,  but  more 
freely  in  hot.  They  are  all  decomposed  by  the  acetic  acid. 

The  formula  of  the  uric  acid  is, 

C,o  H,  Oe 

§ 946.  Allantoic  Add;  this  acid  is  found  in  the 
allantoic  fluid  of  the  cow,  or  urine  of  the  foetal  calf.  When 
the  fluid  is  concentrated  by  a gentle  heat  to  one  fourth  of  its 
bulk,  it  deposits  on  cooling,  crystals,  which  may  be  obtained 
perfectly  pure  by  treatment  with  animal  charcoal.  It  is  taste- 
less, and  neutral  to  test  papers.  It  is  soluble  in  160  parts  of 
cold  water,  and  in  less  boiling  water. 

Its  formula  is,  C4  Na  H,  O3 

§ 947.  Formic  Acid;  the  acid  of  ants  is  a product  of 
the  organization  of  that  insect,  and  exists  in  it  in  a very  concen- 
trated form.  It  may  be  obtained  by  distilling  the  ants  with  a 
little  water,  and  may  be  formed  artificially,  as  we  shall  here- 
after show.  The  pure  hydrated  acid  is  a colourless  liquid 
which  fumes  slightly  in  the  air,  and  its  odour  is  intensely 
pungent;  specific  gravity  1.235.  It  acts  as  a caustic  when 
applied  to  the  skin.  It  may  be  distinguished  from  acetic  acid 
by  forming  a precipitate  with  nitrate  of  silver,  which  deposits 
metallic  silver  upon  being  heated. 

Its  formula  is,  Cg  II  O3  -h  aq. 

It  combines  with  the  different  bases  to  constitute  a class  of  salts 
called  formiates. 
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Table  XLIX.  Hydrates  of  the  Organic  Acids. 


Name. 

Whence  obtained. 

Formula. 

Remarks. 

I.  Natural  Acids, 

Acetic 

Juices  of  many  plants  . 

C4  HgOj,  aq 

Oxalic 

Leaves  of  Rumex,  Oxalis,  &c. 

Co  O3,  aq 

Benzoic 

Resins  of  the  Styracea;  . 

C11H5O3’  fiq 

Kinic 

Bark  of  the  Cinchonacese 

C7  H5O5,  aq 

Valerianic  . 

Valeriana  officinalis 

Djo  Hg  O3,  aq 

Lactic 

Milk  and  animal  fluids  . 

C'fi  H5 

Formic 

From  ants 

Co  II  aq 

Uric 

Urine  of  carnivora 

fNohydrate 

1 known. 

( Isomeric 

Fumaric 

h'umai'ia  officinalis 

C4  H O3,  aq 

< with 

Racemic 

Juice  of  the  grape 

ITo  0^, 

I malseic. 

>lsoineric. 

Tartaric 

Juice  of  the  grape 

Il4  0io>2aq 

/ 

Malic 

Apples  and  fruits  in  general  . 

Ca  H4  Og,  2aq 

Gallic 

Nut  galls  .... 

C7  H O3,  2aq 

Citric 

Fruits  of  the  Aurantiacem 

C'lo  3‘iq 

Aconitic 

Aconite  .... 

C|o  H3  3cl(^ 

Meconic 

Milky  juice  of  Papaveraceae  . 

C14II  Oji,  3aq 

Tannic 

Nut  galls  and  astringent  barks 

C18H5O9,  3aq 

Cinchonic  . 

Bark  of  Cinchonaceaj 

^14  ^^8  ^8>  4^q 

II.  Artificial  Acids. 

Pyrotartaric 

Tartaric  acid,  by  sublimation  . 

C5  II3  O3,  aq 

Pyroracemic 

Racemic  ditto,  ditto 

Cg  II3O5,  aq 

j"May  bo  ob- 

Citraconic  . 

Citric  ditto,  ditto 

Cio  1I4  ^45  ^q 

I tained  in  an 
j anhydrous 

Pyromeconic 

Meconic  ditto,  ditto 

^10  ^1.3  ^55  ^q 

1 state. 

Pyrogallic  . 

Gallic  ditto,  ditto 

Cg  II3  C>35  aq 

Metagallic  . 

Gallic  ditto,  by  heat 

^12  H3  O35  aq 

[ Or  mono- 
hydrate  of 

Ellagic 

Fermentation  of  gallic  acid 

C7  H O3,  aq 

Tartralic 

Tartaric  by  fusion 

Cjg  Ila  0oo,3aq 

1 gallic  acid. 

Tartrelic  . 

Ditto,  ditto 

^iG  Ha  OoQ,2aq 

Itaconic 

Citric,  by  sublimation  . 

CioH^Og,  2aq 

Malieic 

Malic,  ditto 

Cg  IloOg,  2aq 

Comenic 

Meconic,  by  boiling  its  solution 

CjoHoOg,  2aq 
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§ 948.  The  organic  acids  often  exist  in  vegetables  and 
animals  in  a state  of  combination  with  inorganic  bases,  and 
the  latter  constitute,  with  the  fixed  acids  which  we  have  noticed, 
the  which  are  left  after  their  complete  combustion;  but 

they  are  found  also  in  union  with  a numerous  class  of  organic 
bases,  which  are  of  the  highest  interest  and  importance.  As 
the  organic  acids  are  capable  of  entering  into  combination  with 
aU  the  salifiable  bases  of  the  mineral  kingdom,  so  are  these 
organic  bases  capable  of  forming  salts  with  the  mineral  acids, 
and  the  compounds  which  hence  result  are  literally  numberless. 

§ 949.  The  discovery  of  the  class  of  vegetable  salifiable 
bases  is  one  of  very  modern  date,  and  it  was  not  till  the  year 
1816  that  moi’phia  was  first  extracted  from  opium,  or  the 
inspissated  juice  of  the  poppy.  When  once  the  idea  had  been 
promulgated  that  vegetable  alkalies  might  be  formed  by  organic 
processes,  chemists  began  to  hunt  for  them  with  great  dihgence 
and  with  proportionate  success. 

They  greatly  resemble  one  another  in  composition,  and  are 
generally  characterized  by  containing  nitrogen  in  their  compo- 
sition. It  might,  therefore,  be  anticipated,  that  under  many 
circumstances  their  properties  would  be  very  similar,  and  in 
fact  it  is  much  more  difficult  to  establish  specific  differences 
between  them  than  between  the  metallic  bases. 

They  do  not  exist  in  vegetables  in  an  uncombined  state,  but 
are  always  found  united  with  an  acid.  This  acid  is  sometimes 
peculiar  to  the  combination  or  to  certain  tribes  of  plants  in 
which  it  is  found,  as  the  meconic,  the  kinic,  &c.  They  are  very 
little  soluble  in  water;  but  their  salts  much  more  so.  This  is 
one  of  their  most  remarkable  characters.  Some  of  them  require 
as  much  as  16,000  parts  of  that  liquid  for  their  solution;  but 
they  are  a little  more  taken  up  by  hot  than  by  cold  water. 
They  are  all  soluble  in  alcohol,  which,  especially  when  hot, 
takes  them  up  very  freely.  Many  of  these  bases  have  very 
decided  alkaline  characters:  they  turn  the  syrup  of  violets  green ; 
they  restore  the  colour  of  reddened  litmus,  and  possess  the 
property  of  completely  neutralizing  the  acids.  In  the  process 
of  electrolysis  they  make  their  appearance  at  the  platinode  of 
the  battery,  but  the  exact  cation  which  travels  in  the  circuit 
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has  not  yet  been  determined,  the  process  being  difficult  to 
conduct  on  account  of  the  insolubility  of  the  products. 

Their  affinity  for  the  acids  is  so  strong  that  they  can  pre- 
cipitate the  greatest  part  of  the  non-alkaline  metallic  oxides; 
but  as  they  are  themselves  so  extremely  insoluble  in  water, 
they  are  precipitated  by  the  alkalies,  even  including  magnesia. 


§ 950.  From  these  marked  properties  it  is  easy  to  con- 
ceive, that  their  separation  from  their  native  compounds  cannot 
be  difficult.  They  are  found  combined  with  an  acid;  this  acid 
which  is  soluble  forms  with  them  soluble  compounds;  it  is 
sufficient,  therefore,  to  macerate  the  vegetable  in  water  to 
obtain  this  salt;  the  vegetable  bases  are  insoluble  and  precipi- 
tated by  the  soluble  alkalies,  so  by  adding  ammonia  to  their 
solution  a precipitate  is  formed ; this  precipitate  will  be  mixed 
with  impurities  from  which  it  may,  in  some  degree,  be  freed 
by  washing;  they  are  taken  up  by  alcohol,  and  when  dried, 
they  are  further  purified  by  solution  in  that  fluid;  this  process 
is  susceptible  of  advantageous  modifications  for  extracting  the 
different  bases,  but  by  such  means  they  may  aU  be  obtained. 

We  will  proceed  to  give  the  constitution  of  two  or  three 
species  for  the  sake  of  illustration  and  future  reference. 


§ 951.  Morphia  is  one  of  several  alkahne  bodies  which 
have  been  extracted  from  opium.  The  results  of  its  ultimate 
analysis  give  the  formula — 

C35  NH20  Og 

which  agrees  with  the  equivalent  constitution  of  its  salts;  the 
hydrochlorate  of  morphia  being  composed  of — 


Morphia 

Hydrochloric  acid  . 
and  the  sulphate  of — 

Morphia 
Sulphuric  acid 


. 61 
. 37 


. 61 
. 49 


§ 952.  Codeia  is  found  associated  with  morphia  in  the 
juice  of  the  poppy,  and  appears  to  differ  from  it  only  in  con- 
taining one  equivalent  less  of  oxygen,  its  analysis  giving  the 
formula — 

C35  NIHo  O5 

It  is  remarkable  for  being  the  most  soluble  of  these  alkalies, 
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being  taken  up  by  two  parts  of  boiling  water.  Another  pair  of 
vegetable  alkalies,  differing  from  one  another  only  by  one  equi- 
valent of  oxygen,  is  found  in  the  Peruvian  barks  or  varieties 
of  the  cinchona. 

§ 953.  Quinia  is  most  abundant  in  the  Cinchona  cordi- 
folia.  When  first  precipitated  by  ammonia  it  is  in  the  state  of 
a hydrate,  which  fuses  at  a temperature  of  about  300°,  and  parts 
with  the  whole  of  its  water.  Its  salts  are  mostly  crystallizable 
and  intensely  bitter. 

Its  constitution  is,  Coq  NH^2  Og 

§ 954.  Cinchonia  predominates  in  the  pale  bark  of  the 
Cinchonia  Condamine;  it  crystallizes  more  readily  from  its 
alcoholic  solution  than  the  preceding  base.  In  its  principal 
properties  it  greatly  resembles  quinia. 

Its  formula  is,  Cjq  NH^g  O 

§ 955.  Strychnia  and  Brucia;  two  alkalies  which  occur 
together  in  different  species  of  strychnos,  differ  from  one  another 
in  the  number  of  equivalents  of  oxygen  and  hydrogen  which 
enter  into  their  composition. 

The  formula  of  Strychnia  is,  C44  H03  Ng  Og 
The  formula  of  Brucia  . C44  H25  Ng  O7 

They  both  act  as  violent  poisons  upon  the  animal  economy, 
but  the  first  with  most  fatal  energy.  Their  salts  are  mostly 
crystallizable. 

§ 956.  Urea.  An  organic  salifiable  base  of  animal 
origin,  which,  it  is  said,  exists  in  the  form  of  lactate  of  urea  in 
human  urine.  It  is  a feeble  base,  but  combines  with  most  acids 
and  forms  crystallizable  salts.  It  may  be  obtained  by  evapo- 
rating urine  in  a water-bath  to  the  thickness  of  a syrup.  After 
cooling,  a strong  solution  of  oxalic  acid  is  added  to  it,  and  a 
precipitate  takes  place  which  is  oxalate  of  urea.  It  is  then 
rubbed  up  with  chalk  and  water  to  a thick  cream,  when  all  acid 
reaction  is  destroyed.  It  is  then  strained  and  evaporated 
without  boiling  to  a small  bulk,  when  crystals  of  urea  are 
deposited  upon  cooling.  They  must  be  purified  by  a second 
operation  with  animal  charcoal,  and  by  a third  crystallization 
may  be  obtained  colourless  and  inodorous.  Its  taste  is  acrid 
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and  bitter^  but  cooling  like  nitre.  The  formula  derived  from  its 
ultimate  analysis  is 

C„  Ng  I-I4  O2 

We  shall  describe  a mode  of  forming  it  artificially  hereafter. 


Table  L.  Organic  Bases. 


Name. 

Whence  obtained. 

Foi-mula. 

Remarks. 

Cinchonia 

( Bark  of  the  Cin- 1 
\ chonaceJB  . | 

C20N  H,2  0 

Supposed  three 

Q,uinia 

Ditto 

CooN  HijO, 

loxides  of  the 

Ari  cilia 

Ditto 

C„oN  H,„03 

same  radicle. 

Codeia 

Opium 

C33N  H20O5 

1 Oxides  of  the 

Morphia  . 

Ditto 

C35N  H20O6 

jsame  radicle. 

Narcotina 

Ditto 

C,oN  IL0O12 

(Liebig). 

Thehaia  . 

Ditto 

C25N  113,03 

Narceia 

Ditto 

CjbN  I-LoO,2 

- 

Pseudo-Morphia 

Ditto 

C„,N  H33O24 

(Pelletier.) 

Delphia  . 

(Delphinium  sta-| 
1 physagria  . ) 

C07N  II39O2 

V eratria  . 

I Seeds  of  Veratrum  1 
( Sahadilla  . ) 

C34N  I-L,Oe 

Nicotia 

Tobacco-leaves 

C,oN  Hs 

Solania 

Solanacese 

^81  N Hg3  O08 

Atropia 

Belladonna  . 

C34N  H„3  0e 

Strychnia  . 

Nux  vomica 

C44  Na  H03  Oh 

] 

Brucia 

( Brucia  antidysen- 1 
1 terica  . . j 

C^^NalLsO; 

>(Regnault). 

Jervia 

Veratrum  album  . 

CeoNall^Oe 

Chelidonia 

Chelidonium  majus 

C40  ^3  HfiO 

Urea 

Urine  of  animals  . 

Ca  N2II4  O2 

NEUTRAL  PRINCIPLES. 


§ 957.  Salicin  is  a principle  which  abounds  in  the 
bark  of  those  species  of  willow  which  have  a bitter  taste,  and 
may  be  separated  from  the  extract  by  digestion  with  oxide  of 
lead.  After  a few  days  it  forms  a mass  of  crystalline  fibres 
which  may  be  purified  by  the  usual  processes.  It  is  very  white, 
and  possesses  a very  bitter  taste;  it  dissolves  in  18  parts  of 
cold  and  one  of  boiling  water ; it  is  soluble  in  alcohol  but  not 
in  ether;  it  fuses  at  248°,  but  is  decomposed  at  a higher 
temperature. 

Its  formula  is,  Cm  Og  + 2 HO 

It  contains  no  nitrogen  in  its  constitution,  and  does  not 
combine  with  acids,  nor  possess  other  alkaline  properties.  It 
forms  a purple  red  solution  in  oil  of  vitriol,  by  which  test  it 
may  be  detected  even  in  the  dry  bark. 

§ 958.  Phloridzin  exists  in  the  bark  of  the  roots  of  the 
various  species  of  apple,  pear,  plum,  and  cherry  trees.  It  may 
be  prepared  from  an  infusion  in  weak  spirit  at  120°.  On 
distilling  off  the  spirit,  the  substance  crystallizes  from  the  re- 
maining liquid.  It  forms  brilliant  white  silky  plates  and 
needles.  It  is  readily  soluble  in  alcohol,  ether,  and  boiling 
water,  but  very  little  soluble  in  cold  water. 

The  formula  of  its  crystals  is. 

Cm  Hn  Ob  -h  4 HO 

At  212°  it  parts  with  two  equivalents  of  water,  melts  at 
226°,  and  boils  at  350°. 

§ 959.  Caffein  is  a neutral  crystalline  principle  obtained 
from  coffee  berries  and  tea  leaves.  It  contains  a large  portion 
of  nitrogen  in  its  constitution,  and  yet  has  no  basic  properties. 
It  may  be  obtained  from  an  infusion  of  either  tea  or  raw  coffee, 
by  precipitating  some  foreign  matters  by  subacetate  of  lead,  and 
throwing  down  the  excess  of  lead  by  suljDhuretted  hydrogen, 
filtering  and  evaporating  the  liquid.  The  caffein  will  then 
separate  in  crystals  on  cooling.  It  is  sparingly  soluble  in  cold 
water  and  alcohol.  It  possesses  a weak  bitter  taste.  It  fuses 
at  352°,  and  sublimes  below  its  point  of  fusion. 

The  formula  of  its  crystals  is, 

C«  N2  II,  + HO 
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Table  LI.  Neutral  Crystallizable  Principles. 


Name. 

Whence  obtained. 

Formula. 

Remarks. 

Salicin  . 

Bark  of  the  willow  . 

fi'si  Og>  2 aq 

1 These  sub- 
1 stances  are 

Rhloridzin  . 

Bark  of  the  roots  of  apple  . 

CaiHjiOs,  4aq 

I quite  ana- 

Asparagin  . 

Asparagus  plants  .... 

C4  N II4  03,aq 

> logous. 

Caffein  . 

Tea  leaves  and  coffee  berries 

N 2 H5  O2,  aq 

Piperin  . 
Cantharidin 

Pepper 

Cantharis  vesicatoria 

C34N  HjgOe, 

Cm  He  O4, 

Amygdaliri 

From  the  almond 

C40N  H27O22, 

VOLATILE  OILS  AND  RESINS. 

§ 960.  The  volatile  oils  and  resins  exist,  for  the  most 
part,  conjointly,  ready  formed  in  plants  as  secreted  by  their 
proper  organs. 

The  essential  oils,  as  the  former  are  also  named,  may  be 
extracted  by  distillation  with  water  : for  although  their  boiling- 
points  are  often  as  high  as  400°,  they  emit  vapour  at  212°  of 
proportionate  density  and  tension,  which  passing  over  with  the 
steam  condenses  with  it,  and  the  two  hquids  immediately  sepa- 
rate. When  exposed  to  cold  they  generally  separate  into  a 
solid  and  liquid  portion  sometimes  designated  as  stearopten  and 
elaopten.  They  have  all  strong  peculiar  odours,  and  an  acrid, 
burning  taste.  Some  of  them  are  formed  in  the  process  of  dis- 
tillation, by  changes  in  the  vegetable  matters  to  which  we  shall 
hereafter  more  particularly  advert. 

§ 961.  The  oils  which  pre-exist  in  the  plants  are  charac- 
terized by  not  dissolving  in  solution  of  potassa  and  being  lighter 
than  water.  They  combine  with  muriatic  acid  and  form  heavy 
oily  substances,  and  by  treatment  with  chlorine  their  hydrogen 
is  abstracted  and  replaced  by  that  element.  Tliey  may  be 
divided  into  two  classes ; 1 st.,  those  which  are  pure  forms  of 
hydrocarbon  and  are  isomeric,  and  of  which  the  general  formula 
is  C5  Hj,  or  its  multiple:  and,  2nd.,  those  which  contam 
oxygen.  As  a specimen  of  the  first  we  will  select 
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§ 962.  Oil  of  Turpentine,  4 (C5  H^).  Turpentine  is  a 
well  known  semi-fluid  resin  which  flows  from  the  different 
species  of  the  pine.  When  it  is  distilled  with  water  the  vapour 
of  the  volatile  oil  passes  over  and  is  condensed.  It  is  a colour- 
less thin  liquid,  of  a peculiar  odour.  When  perfectly  pure  its 
specific  gravity  is  0.860,  and  its  boiling-point  312°.  It  is  very 
inflammable,  and  burns  with  the  deposition  of  much  carbon.  It 
is  but  sparingly  soluble  in  alcohol.  The  density  of  its  vapour 
is  about  5.010. 

The  volatile  oils  of  the  second  class  are  also  all  composed  of 
hydrocarbon,  of  the  formula  C5  H4,  or  its  multiple,  combined 
with  oxygen  or  the  elements  of  water.  They  are  rather  more 
soluble  in  water  than  the  oils  of  the  first  class.  We  may  take 
as  an  example 

§ 963.  Oil  of  Lavender,  3(C5  H4)  -l-Hg  Og.  It  is  a well 
known  essence  distilled  from  the  flowers  of  the  lavender.  Its 
odour  is  very  fragrant ; its  specific  gravity  0.896,  and  its  boiling- 
point  397°. 

§ 964.  Camphor,  4(0^  H4)-t-20.  This  substance,  which 
is  obtained  from  the  natural  exudation  of  the  Lauras  camphora, 
a native  of  Japan,  and  also  by  distillation  of  the  wood  of  the 
same  tree,  may  be  taken  as  a specimen  of  a volatile  oil  which  is 
solid  at  ordinary  temperatures.  It  is  white  and  translucent, 
of  a crystalline  structure,  and  somewhat  tough.  It  possesses  a 
peculiar  taste  and  odour,  and  may  be  obtained  in  briUiant  crys- 
tals by  sublimation.  Its  specific  gravity  is  0.985  ; it  fuses  at 
347°,  and  boils  at  399°. 


VOLATILE  OILS. 


()34 


Table  LI  I.  Essential  Oils. 


Name. 

Whence  obtained. 

Formula. 

Remarks. 

1.  Not  containing  Oxygen. 

Turpentine  . 

Resin  of  Pinus  abies 

C20 

\ 

Juniper 

Berries  .... 

• 

These  oils  are 
all  isomeric. 

Savine .... 

Leaves  .... 

• • 

\hut  the  den- 

Elemi  .... 

Elemi  resin  . . . 

sity  of  their 

vapours  vary 

Lemons  . 

Rind 

j for  each. 

Rose  .... 

The  solid  oil  . . 

C H 

2.  Containing  Oxygen. 

Bitter  almonds  . 

Kernels  .... 

1 Hydruretben- 
\ zule. 

Meadow  sweet  . 

Flowers  .... 

He  0, 

ITydruret  sali- 
\ cule. 

Cinnamon  . . 

Bark 

^18  Ha  Og 

j Hydruret  cin- 
1 namule  . 

Anise  .... 

Seeds  

1 

/■Isomeric. 

Cummin  . 

Seeds  

Loo  Hj2  Cg 

i 

Spearmint 

Leaves  .... 

L35  Hga  0 

Pennyroyal  . . 

Leaves  .... 

CioHa  0 

Camphor  . . . 

Wood  .... 

Lsio  H^e  Og 

j Oxide  of  tur- 
l pentine. 

3.  Containing  Sulphur. 

Mustard  . 

Seeds  

Ca  N Sg  1 

The  essential  oils  of  onions,  assafoetida,  horseradish,  and  hops, 
also  contain  sulphur  in  considerable  quantity. 

RESINS. 

§ 964.  The  resins,  the  varieties  of  which  are  almost  end- 
less, flow  from  the  trees  by  the  organs  of  which  they  are 
secreted  in  solution  in  the  essential  oils : indeed  they  apjiear  to 
be  products  of  the  oxidation  of  those  compounds,  which  all  gra- 
dually absorb  oxygen.  No  carbonic  acid  is  formed  l)y  this 
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process,  but  hydrogen  is  sometimes  removed  and  replaced  by 
oxygen  and  water  formed.  In  their  natural  soft  state  these 
mixtures  go  by  the  name  of  balsams. 

The  resins  are  distinguished  by  not  being  volatile  without 
decomposition,  insoluble  in  water,  but  very  soluble  in  alcohol, 
essential  oils,  and  alkabne  solutions.  They  are  generally 
capable  of  acting  as  acids.  The  resins  of  turpentine  may  be 
taken  as  illustrations. 

§ 965.  The  residue  of  the  distillation  of  oil  of  turpentine 
goes  by  the  name  of  rosin  or  colophony.  According  to  Pro- 
fessor Johnston,  (to  whom  we  are  indebted  for  a most  elaborate 
examination  of  the  resins,)  it  is  a mixture  of  two  isomeric  resins, 
the  pimc  and  the  sylvic  acids,  which  may  be  separated  by  cold 
alcohol  of  specific  gravity  0.865,  which  does  not  dissolve  the 
latter. 


§ 966.  The  Pinic  Acid  is  precipitated  from  its  alcoholic 
solution  by  acetate  of  copper.  The  pinate  of  copper  is  dissolved 
in  strong  boiling  spirit  and  decomposed  by  muriatic  acid,  and 
then  mixed  with  water : it  precipitates  as  a resinous  powder 
which  may  be  dried  at  a moderate  heat.  It  is  colourless ; melts 
at  257°  ; and  softens  at  149°.  It  expels  carbonic  acid  from  the 
bases,  and  its  alkaline  salts  are  soluble ; its  earthy  and  metallic 
salts  are  insoluble  in  water,  but  many  of  them  soluble  in  alcohol. 

Its  formula  is,  C40  H30  O4 

§ 967.  The  Sylvic  Acid,  which  remains  after  the  sejDara- 
tion  of  the  pinic,  must  be  purified  by  solution  in  boiling  alcohol, 
from  which  it  separates  on  cooling  in  rhombic  crystals.  It  melts 
at  212°;  and  its  formula  is  exactly  the  same  as  that  of  the 
pinic  acid,  C40  H30  O4.  Its  salts  exactly  resemble  those  of  the 
last  acid.  Both  these  acids  by  being  kept  in  a state  of  fusion 
for  some  time  become  brown,  and  are  converted  into  a stronger 
acid  than  either  of  the  two,  which  is  very  sparingly  soluble  in 
alcohol. 

§ 968.  In  the  resins  as  naturally  produced  there  is  gene- 
rally a similar  mixture  of  many  kinds  together,  and  Johnston 
has  shown  that  they  may  be  all  derived  from  oils  having  the 
constitution  of  8 (C5  II4) 
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Wax,  &c. 

§ 969.  Wax;  this  principle,  which  differs  in  its  characters 
both  from  oils  and  resins,  exists  in  many  plants,  and  may  be 
obtained  by  bruising  them  and  boiling  in  water;  when  it  melts 
and  floats  upon  the  surface.  The  berries  of  the  Myrica  cerifera, 
and  the  leaves  of  the  Ceroxylon,  afford  considerable  quantities 
of  wax  by  this  process. 

It  is  also  the  product  of  the  secretion  of  bees.  Its  specific 
gravity  is  .96,  and  melting-point  150°.  It  may  be  distilled 
with  little  change.  It  is  insoluble  in  cold  water,  alcohol,  or 
ether.  It  combines  with  the  fixed  alkahes,  but  does  not  undergo 
saponification.  It  burns  in  the  air  with  a bright  flame.  The 
result  of  its  analysis  is  as  follows: — 

Carbon  ....  81.874 

Hydrogen  ....  12.672 

Oxygen  ....  5.454 

100.000 


§ 970.  Caoutchouc,  the  inspissated  milky  juice  of  several 
tropical  plants,  as  the  Hevcca,  the  Jatropha  elastica,  has  long 
been  known  by  the  name  of  Indian  Rubber.  It  is  insoluble  in 
water  and  in  alcohol;  but  is  soluble  in  fresh  distilled  oil  of 
turpentine  and  naphtha.  It  burns  in  the  air  with  a smoky 
flame.  It  fuses  when  heated  to  450°,  and  remains  more  or  less 
viscid.  It  is  a native  pure  form  of  hydrocarbon. 

Formula,  Cg  H7 

It  is  remarkably  indifferent  to  the  action  of  chemical  agents. 
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§ 971.  This  subdivision  of  organic  products  may,  at 
first  sight,  appear  inconsistent  with  the  principle  which  we  have 
endeavoured  to  inculcate  (§  229),  viz.  that  the  colours  of  natural 
objects  are  dependent  upon  their  specific  action  upon  the  com- 
pound rays  of  light,  and  might  seem  to  countenance  the  common 
prejudice  that  there  is  something  substantial  in  the  nature  of 
colour ; but  profuse  as  is  the  bountiful  Creator  of  all  things  in 
every  thing  which  can  adorn  his  wonderful  creation,  tliere  is,  so 
to  speak,  a calculated  economy  in  the  works  of  nature  which 
seems  to  discountenance  extravagance  by  the  exact  expenditure 
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of  just  so  much  of  a material  as  may  be  required  to  produce  an  in- 
tended purpose,  and  no  more.  Thus  the  fragrance  of  the  sweetest 
flowers  is  v\dth  difficulty  collected  in  the  form  of  their  essential 
oils  for  the  luxurj^  of  the  rich ; while  the  colours  of  the  rose 
and  the  violet  depend  upon  very  minute  portions  of  peculiar 
compounds  sparingly  disseminated  in  their  petals,  but  adapted 
by  their  constitution  to  act  upon  light  in  such  a manner  as  to 
produce  the  pleasing  and  harmonious  elFeet  upon  the  eye  whieh 
every  one  is  capable  of  appreciating  and  enjoying. 

Of  these  seemingly  precious  products  of  animal,  and  espe- 
cially vegetable  organizations,  we  are  in  comparative  ignorance ; 
but  what  is  known  concerning  them  cannot  but  excite  a strong 
desire  of  further  knowledge.  We  will  describe  a few  of  them, 
for  the  purpose  of  illustration ; and  it  will  be  seen  that  there  is 
a certain  degree  of  analogy  amongst  the  different  individuals  of 
the  class.  They  are,  many  of  them,  capable  of  entering  into 
intimate  combination  with  other  substanees,  both  organic  and 
inorganic,  without  losing  their  peculiar  actions  upon  the  lumi- 
niferous ether,  and  by  such  transfer  are  rendered  subservient  to 
the  wants  and  luxury  of  man  in  the  arts  of  painting,  dyeing, 
and  calico  printing.  Those  which  have  been  thus  utilized  have 
of  course  been  most  studied  and  are  best  known. 

§ 972.  Indigo.  One  of  the  most  important  of  these 
colouring  principles  is  secreted  in  the  cellular  tissue  of  the 
leaves  of  a variety  of  plants  of  different  genera.  Most  of  these, 
as  the  Indigofera,  are  natives  of  hot  climates ; but  a few,  as  the 
Isaiis  tinctoria,  belong  to  the  more  temperate  regions.  In  its 
natural  state  it  is  colourless,  and  as  long  as  the  tissue  of  the  leaf 
is  unbroken  it  remains  so.  It  assumes  a deep  blue  colour  by 
the  action  of  oxygen.  The  dye-stuff  is  extracted  for  use  either 
from  the  fresh  or  dried  plant  by  suffering  it  to  macerate  in 
water  some  time,  during  whieh  it  undergoes  chemical  changes, 
which  cause  its  deposition  in  the  form  of  a blue  feculent  j^reci- 
pitate.  It  occurs  in  commercejn  the  form  of  square  cakes  of  a 
deep  blue  colour,  which  generally  eontain  about  50  per  cent,  of 
the  colouring  matter ; which  is  insoluble  in  water.  It  is  soluble 
in  concentrated  sulphuric  acid.  It  is  still  but  a mixture  of 
several  bodies,  as  indigo  red,  indigo  brown,  and  indigo  gluten, 
which,  however,  may  he  removed  by  treatment  with  alcohol  and 
diluted  aeids  and  alkalies. 
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§ 973.  When  pure  the  precipitated  indigo  is  a rich  blue 
powder,  which,  when  burnished,  assumes  the  colour  and  lustre 
of  burnished  copper:  and  it  is  remarkable  that  most  of  these 
concentrated  colouring  principles  which  are  distinguished  by  the 
purity,  the  briUiancy,  and  the  intensity  of  the  coloured  light 
which  they  radiate,  are  capable  of  metallic  reflexion  by  similar 
treatment.  Prussian  blue,  or  sesqui-ferrocyanide  of  iron 
(§  1027),  possesses  this  property  in  a very  eminent  degree. 

Indigo,  when  cautiously  heated,  may  be  sublimed  in  prisms 
of  a dark  purple  colour,  possessing  something  of  the  metallic 
lustre.  Its  vapour  is  of  a rich  purple,  and  something  resembles 
that  of  iodine. 

Its  formula  is,  NII5 

§ 974.  When  blue  indigo  is  exposed  to  deoxidating 
agents,  as  protoxide  of  iron,  protochloride  of  tin,  or  sulphurous 
acid,  it  is  restored  to  the  state  of  white  indigo,  in  which  it 
originally  existed  in  the  leaves.  It  is  insoluble  in  water,  but 
soluble  in  alkalies.  When  hydrochloric  acid  is  added  to  the 
alkaline  solution,  the  white  indigo  is  precipitated,  and  may  be 
obtained  and  preserved  as  a crystalline  powder  by  careful  exclu- 
sion of  oxygen.  It  is  now  believed  that  white  indigo  is  not 
deoxidated  blue  indigo,  but  a compound  of  blue  indigo  and 
hydrogen,  and  that  in  its  formation  water  is  decomposed;  the 
deoxidating  agents  employed  taking  the  oxygen,  and  the  hydro- 
gen passing  to  the  indigo,  the  formula  of  white  indigo  being, 

C16  NHg  O,  + H 

The  solution  of  blue  indigo  in  sulphuric  acid,  is  used  in  the 
arts  to  dye  what  is  called  saxon  blue,  which  is  but  a fugitive 
colour;  but  the  solution  of  white  indigo  in  hme  water  is  still 
more  extensively  used  for  dyeing  a much  more  substantial  blue. 
For  this  purpose  the  cloth  is  immersed  in  a hot  bath  of  the 
solution  till  it  has  thoroughly  imbibed  it,  and  it  is  then  exposed 
to  the  air,  the  oxygen  of  which  combines  with  the  hydrogen  and 
restores  it  to  its  blue  colour. 

§ 975.  Madder.  The  dried  roots  of  the  Eubia  tinctoruin 
constitute  the  madder  of  commerce.  They  contain  several 
colouring  matters,  some  of  which  are  of  the  highest  importance. 

Alizarin,  or  Madder  Red.  When  the  roots  are  hoiled  in 
a strong  solution  of  alum,  and  the  filtered  hot  solution  allowed 
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to  coo],  a red  brown  substance  precipitates,  which  may  be 
purified  by  repeated  similar  decoctions  and  solutions  in  ether. 
When  heated  it  sublimes;  forming  brilliant  orange  needles. 
It  is  sparingly  soluble  in  water,  but  more  so  in  ether  and 
alcohol.  Ammonia  dissolves  it  with  a purple,  and  potassa  or 
lime  with  a violet  colour. 

Its  formula  is  said  to  be, 

Q37  II12  Ojo 

It  forms,  in  combination  with  alumina,  the  splendid  colour 
known  by  the  name  of  Turkey  red. 

Madder  Purple.  When,  after  the  precipitation  of  alizarin, 
some  sulphuric  acid  is  added  to  the  aluminous  decoction  of 
the  roots,  madder  purple  is  thrown  down.  The  form  is  an 
orange-red  crystalline  powder ; sparingly  soluble  in  cold,  but 
more  so  in  hot  water.  The  solution  is  rose-red.  It  is  fusible ; 
and  when  more  strongly  heated  a portion  sublimes,  but  the 
greater  part  is  decomposed. 

§ 976.  Brazilin  and  Heematoxylin  may  be  extracted 
respectively  from  Brazil  wood  and  logwood  by  decoction  in 
water.  The  solution  is  to  be  agitated  with  hydrated  oxide  of 
lead,  filtered,  and  evaporated  to  drjmess.  The  residue  is  then 
to  be  treated  with  alcohol.  Some  tannic  acid  mixed  with  the 
solution  may  be  separated  by  gelatin. 

• Brazilin  forms  orange  crystals,  soluble  in  water,  alcohol, 
and  ether.  Its  solutions  are  of  a yellowish-red  colour. 

Haematoxylin  is  frequently  met  with  in  native  crystals  in 
the  clefts  of  the  logwood.  It  is  slightly  bitter  and  astringent ; 
sparingly  soluble  in  water,  but  copiously  in  alcohol  and  ether. 
It  forms  brownish-red  solutions. 

§ 977-  Quercitrin.  A yellow  colouring  principle,  which 
may  be  extracted  from  the  bark  of  Quercus  infusoria  by  simple 
decoction  and  spontaneous  evaporation  and  crystallization. 
When  pure  it  resembles  very  small  crystals  of  yellow  prussiate 
of  potassa. 

Its  formula  is,  Cjg  II9  Og  + HO 

t 

§ 978.  Orcin.  Many  species  of  lichen  contain  substances 
which  produce  by  contact  with  air  and  ammonia  rich  purple 
or  blue  colouring  matters,  constituting  the  archil  or  litmus 
of  commerce.  As  an  example  we  will  take  orcin,  which  is 
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obtained  by  digesting  the  Variolaria  dealbata  in  alcohol,  evapo- 
rating to  dryness  and  re-solution  in  water.  From  the  solution 
evaporated  to  the  thickness  of  a syrup  colourless  crystals  may 
he  obtained  of  a disagreeable  sweet  taste.  They  fuse  easily,  and 
may  be  sublimed  unaltered. 

Their  formula  is,  O3  + 2 HO 

It  is  converted  into  a crimson  powder  by  exposure  to  air, 
and  the  vapours  of  ammonia,  which  is  the  important  ingredient 
in  litmus.  By  this  treatment  orcin  takes  into  its  constitution 
1 equivalent  of  ammonia  and  5 of  oxygen,  and  becomes 

C,8  H,o  N Os 

§ 979.  Carmine.  This  colouring  principle  is  a product 
of  animal  organization.  It  exists  in  many  insects  of  the  genus 
Coccus.  It  is  chiefly  extracted  for  use  from  Cochineal  and  Lac. 
It  is  prepared  in  greatest  purity  from  the  former  by  digestion  in 
ether,  to  remove  fatty  matters,  and  afterwards  in  alcohol.  The 
alcohol  is  evaporated  by  cautious  distillation,  and  the  residue 
carefully  dried.  It  is  then  purified  by  another  digestion  in 
alcohol,  from  which  it  is  precipitated  by  ether  in  the  form  of 
a purple  red  powder,  easily  soluble  in  water  and  alcohol,  but 
not  in  ether.  It  melts  at  1 22°,  but  is  decomposed  by  a high 
heat.  In  combination  with  oxide  of  tin  it  forms  a bright  scarlet 
colour.  It  contains  nitrogen,  and  its  formula  is  said  to  be 


C32  NHog  O20 

Table  LI II.  Colouring  Matters. 


Name. 

Whence  obtained. 

Formula. 

Alizarin 

Madder  roots  . 

^37  Hj2  Oio 

Carmine 

Cochineal  insect 

C32  NHog  OoQ 

Blue  Indigo  . 

Isatis  tinctoria,  &c.  . 

Cig  N H3  O2 

White  Indigo 

From  indigo  . 

C16  N Hg  O2 

Isatin 

From  oxidation  of  indigo  . 

C,6  N Hg  0, 

Orcin 

Variolaria 

Cis  II7  O3,  2 aq 

Orcein 

From  orcin  . 

C3S  NII,o  Os 

Erythrin 

Variolaria,  &c. 

Coo  H-13  ^9 

Quercitrin  . 

Quercitron  bark 

C16  Hg  O9,  aq 

- 
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XX.  METAMORPHOSIS  OF  ORGANIC 
PRODUCTS. 

§ 980.  In  our  examination  of  the  structure  of  inorganic 
bodies  which  results  from  the  concurrence  of  different  forces, 
we  have  taken  occasion  to  point  out  certain  curious  cases  of 
unstable  equihbrium  amongst  particles  of  even  elementary  sub- 
stances, which  are  liable  to  subversion,  and  to  spontaneous  re- 
adjustment from  very  slight  impulses ; by  which  their  physical 
properties  are  altered  but  not  their  chemical.  The  dimorphism 
of  sulphur  (§  126,  127)  is  an  instance  of  this  elementary  change, 
and  the  alterations  which  take  place  in  the  structure  of  brass, 
barley  sugar,  sulphate  of  nickel,  seleniate  of  lime  and  particularly 
of  iodide  of  mercury,  are  examples  of  the  same  kind  of  structural 
change  in  compound  bodies. 

A remarkable  instance  of  such  a spontaneous  change  we  find 
in  the  beautiful  large  transparent  crystals  of  carbonate  of  soda, 
which  are  produced  in  the  manufacture  of  that  salt.  Their  form 
is  a rhombic  octohedron,  the  acute  angles  of  which  are  deeply 
truncated,  and  they  contain  ten  equivalents  of  water.  These 
crystals  may  he  preserved  for  a long  time  in  a perfect  state  pro- 
Auded  that  great  care  be  taken  to  guard  them  from  any  abrasion 
of  their  surfaces  : but  if  their  surfaces  be  broken  in  the  slightest 
degree,  even  by  the  scratch  of  a pin’s  point,  efflorescence  will 
take  place  from  that  point;  they  will  throw  off  the  greatest  part 
of  their  water  of  crystallization,  and  speedily  crumble  down  into 
a white  powder.  Thus  mechanical  force,  light,  heat,  adhesion, 
&c.,  are  capable  of  originating  such  changes ; which,  commenced 
but  at  a single  point,  will  quickly  run  through  a whole  mass  of 
matter  of  such  delicate  structure. 

§ 981.  Reasoning  from  analogy  we  should  expect  that 
when,  in  addition  to  other  forces,  complex  chemical  attractions 
are  brought  within  the  sphere  of  mutual  influence,  similar  states 
of  equilibrium  and  similar  disturbances  would  arise  ; which 
would  manifest  themselves  by  metamorphoses  and  changes  of 
chemical  properties.  And  this  we  shall  find  to  be  pre-emi- 
Jiently  the  case  with  the  complicated  products  of  organization  ; 
in  which  a number  of  affinities  are  nicely  balanced  by  the  vital 
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processes,  but  the  arrangement  of  which  is  liable  to  subversion 
and  re-adjustment  even  by  slight  causes,  and  particularly  when 
brought  under  the  influence  of  other  bodies  presented  to  them. 

§ 982.  The  field  of  investigation  which  has  very  recently 
been  opened  to  experiment  in  such  organic  metamorphoses  is 
appai’ently  boundless ; and  it  has  been  taken  possession  of  by 
labourers  of  the  highest  talent  and  activity  ; the  fruits  of  whose 
industry  are  so  abundant  as  to  cover  the  ground  with  somewhat 
of  that  confusion  which  might  be  expected  from  a number  of 
independent  workmen  actively  engaged  in  the  same  track.  The 
bearing  of  these  investigations  upon  the  theory  of  organic  radi- 
cles is  extremely  important,  as  tending  to  show  what  are  the 
most  permanent  groups  of  the  organic  elements,  and  what  the 
most  capable  of  substitution  for  each  other,  either  in  inorganic 
or  organic  combinations,  without  changing  the  type  of  the  com- 
pound*. With  a more  particular  view  to  this  purpose,  we  will 
proceed  to  examine  a few  of  the  most  interesting  of  these 
changes. 

§ 983.  We  have  ah'eady  stated  (§  921)  that  starch,  by 
boiling  with  dilute  sulphuric  acid,  may  be  made  to  undergo  that 
slight  alteration  of  the  arrangement  of  its  constituent  elements 
which  converts  it  into  sugar;  the  same  change  may  at  once 
be  determined  in  its  solution  or  in  that  of  dextrin  by  a very 
minute  quantity  of  a remarkable  principle  which  is  produced 
in  the  incipient  germination  of  grains  and  seeds  and  the  tubers 
of  potatoes,  to  which  the  name  of  diastase  has  been  given. 
It  may  be  prepared  by  moistening  freshly-germinating  barley 
with  half  its  weight  of  cold  water,  and  pressing  it.  A viscid 
liquid  is  thus  obtained  which  is  to  be  filtered  and  heated  to 


* M.  Dumas  has  proposed  a theory  of  such  substitutions,  wliich  has  been 
called  the  Theory  of  Types.  It  i-egards  organic  bodies  as  built  iip  of  particles 
which  may  he  displaced  and  replaced,  without,  as  it  were,  destroying  the  body. 
The  conservation  of  the  type  he  seems  to  look  upon,  somehow,  as  the  cause: — 
the  substitution  of  one  element  for  another — equivalent  for  equivalent — as  the 
effect.  The  organic  molecule,  the  organic  type,  constitutes  an  edifice  : a course 
of  hydrogen,  for  instance,  may  be  replaced  by  one  of  chlorine,  oxygen,  iodine, 
&c.,  without  any  modification  of  the  exterior  relations  of  the  building : but  it 
is  absolutely  necessary  that  when  a course  of  hydrogen  is  removed  another  of 
some  sort  should  he  placed  in  its  stead,  or  else  the  edifice  will  be  destroyed. 
It  is  maintained  that  in  a chemical  type  every  element  may  be  replaced  by 
anotlier,  and,  indeed,  every  one  in  its  turn,  so  that  not  a trace  of  the  original 
compound  may  remain,  except  the  original  position  of  the  atoms,  and  yet  that 
it  may  maintain  its  leading  chemical  characters. 
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158°,  to  coagulate  and  separate  some  foreign  matters:  after 
a second  filtration  the  diastase  may  be  precipitated  by  alcohol. 
When  dried  it  is  white,  solid,  but  amorphous ; it  is  soluble 
in  water,  and  insipid.  It  contains  nitrogen,  but  it  has  not 
been  obtained  in  sufficient  purity  for  strict  analysis.  It  has 
no  action  upon  sugar  or  most  of  the  vegetable  principles  j but 
has  a specihc  action  upon  starch  or  dextrin.  It  possesses  the 
property  of  separating  the  organized  envelope  from  the  grains 
of  the  former,  and  1 part  of  diastase  will  convert  2,000  parts  of 
starch  into  sugar.  It  acts  with  most  energy  at  a temperature 
between  160°  and  170°.  Malt  contains  about  -5-^  of  its 
weight  of  this  principle,  and  it  is  the  agent  by  which  the  starch 
of  the  grain  is  converted  into  sweet  wort.  This  change  is  some- 
times designated  as  the  saccharine  fermentation,  and  nothing 
being  added  to,  or  taken  away  from,  the  product,  the  whole  must 
entirely  depend  upon  arrangement  or  structure. 

§ 984.  Another  metamorphosis  of  the  same  elements,  in 
the  disposition  of  which  the  last  change  has  been  produced, 
may  be  effected  by  the  mere  contact  of  certain  other  substances, 
themselves  in  a state  of  active  change,  by  which  the  particles 
resolve  themselves  into  two  compounds  of  a more  stable  nature 
without  any  loss  or  addition  of  substance. 

If  we  take  a mixture  of  one  part  of  sugar  with  four  or  five 
of  water,  and  place  it  in  a close  vessel,  connected  by  a tube 
with  a pneumatie  apparatus,  at  a temperature  of  about  70°> 
the  process  of  what  is  called  the  Vinous  fermentation  may  be 
determined  in  it  by  the  addition  of  a small  quantity  of  vegetable 
or  animal  albumen,  fibrin,  or  gluten,  in  a state  of  putrefaction 
or  spontaneous  decomposition.  A small  quantity  of  the  residue 
thrown  off  in  a previous  fermentation  of  vegetable  saccharine 
juices,  which  is  known  by  the  name  of  yeast  or  ferment,  is  the 
most  active  agent  in  determining  the  change,  which  begun  at 
one  point  will  extend  through  the  whole  bulk  of  the  liquid 
however  large.  A large  quantity  of  carbonic  acid  will  be 
evolved ; the  liquid  will  become  less  and  less  sweet,  till  the  sugar 
entirely  disappears,  and  alcohol  or  spirit  will  be  found  in  its 
place.  Previously  to  this  complete  change,  the  first  action  of 
the  ferment  is  to  convert  the  sugar,  whatever  its  origin,  into 
starch  or  grape  sugar,  the  formula  of  which  as  we  have  shewn 
is — ■ 

II 12  fljC 

2 T 2 
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which  is  exactly  equivalent  to — 


2 Alcohol  . . . Cg  H,2  O4 

4 Carbonic  acid  . . C4  Og 


and  the  weight  of  these  products  of  fermentation  exactly  cor- 
responds to  the  weight  of  the  sugar  thus  metamorphosed.  The 
process  is  exactly  analogous  to  that  of  the  resolution  of  nitrate 
of  ammonia  into  protoxide  of  nitrogen  and  water,  by  a gentle 
heat,  which  we  have  described  amongst  the  processes  of  inorganic 
chemistry  (§  454). 

§ 985.  Absolute  or  pure  alcohol  is  separated  from  the 
first  products  of  fermentation  by  processes  of  distillation ; in  the 
last  of  which,  quick-lime  or  carbonate  of  potassa  is  employed 
to  abstract  the  last  traces  of  water  with  which  it  is  mixed.  It 
is  a well  known  inflammable  liquid,  of  the  specific  gravity,  at 
60°,  of  0.795,  to  which  we  have  already  often  had  occasion  to 
refer.  It  burns  with  a pale  blue  flame,  and  the  products  of  its 
combustion  are  nothing  but  carbonic  acid  and  water. 

§ 986.  At  a temperature  somewhat  higher  than  that 
which  is  best  adapted  to  the  vinous  fermentation,  the  saccahrine 
juices  of  plants  undergo  a difierent  change,  which  may  also  be 
induced  in  solutions  of  pure  sugar  by  Diastase,  or  vegetable 
albumen,  which  have  undergone  slight  decomposition  by  some 
days^  exposure  to  the  air  in  a moist  state.  The  substance  of 
bladder,  in  a state  of  incipient  decomposition,  will  also  deter- 
mine this  change,  which  is  distinguished  by  the  name  of  the 
Lactic  fermentation.  No  alcohol  is  produced,  but  the  liquid 
becomes  mucilaginous  and  thick;  and  two  new  substances  are 
found  in  it  in  large  quantities,  viz.,  mannite  and  lactic  acid, 
which  together  contain  the  elements  of  grape  sugar  deprived  of 
one  equivalent  of  oxygen. 


Carbonic  acid  and  some  combustible  gases  are  also  evolved 
in  this  process;  but  their  exact  amounts  liave  not  yet  been  ascer- 
tained. 


Mannite 
Lactic  acid  . 


. Ce  H,  Og  (§917) 
. Cfi  Hg  Og  (§  943) 
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§ 987*  A considerable  discrepancy  of  opinion  exists  with 
regard  to  the  first  impulse  which  determines  these  curious 
metamorphoses;  with  regard  to  the  spark,  as  it  were,  which 
first  ignites  the  train.  Some  have  been  led  to  imagine  a new 
force,  which  has  been  named  the  Catalytic  force,  with  which  the 
ferments,  which  we  have  described,  are  endued,  and  which 
resolves  bodies  into  new  compounds  merely  by  contact  with 
them,  or  by  “ an  action  of  presence  f as  it  has  been  somewhat 
obscurely  termed.  The  effects  of  this  action  have  been  called 
catalysis;  to  which,  as  distinguishing  this  class  of  phenomena  in 
which  transformations  are  determined  in  bodies  by  others  which 
do  not  participate  in  them,  there  can  be  no  objection;  although 
it  may  be  rather  premature  to  infer  from  them  the  influence  of 
any  hitherto-undistinguished  agent. 

§ 988.  Others  again  refer  the  action  of  yeast  to  the  vital 
action  of  certain  organized  globular  vesicles,  which  abound  in 
yeast,  which  increase  during  the  process  of  fermentation  by  the 
developement  of  buds,  and  constitute  rows  of  adherent  globules. 
When  placed  in  a saccharine  fluid  they  are  supposed  to  grow  at 
the  expense  of  the  sugar,  which  is  partly  converted  into  alcohol, 
while  the  organic  being  gives  out  carbonic  acid.  It  is  by  no 
means  impossible,  that  the  first  impulse  which  upsets  the 
unstable  equilibrium  of  the  saccharine  mass  may  result  from 
the  vital  action  of  an  organized  being;  but  that  the  whole 
process  consists  of  a vital  act  seems  to  be  in  the  highest  degree 
improbable. 

§ 989.  The  third  explanation  which  is  given  is  purely  of 
a mechanical  nature,  and  is  founded  upon  the  dynamic  law,  that 
“a  molecule  set  in  motion  by  any  power  can  impart  its  own 
motion  to  another  molecule  with  which  it  may  be  in  con  tact. 
Thus,  the  ferment  which  is  added  to  a solution  of  sugar,  or 
which  is  naturally  present  in  the  saccharine  juices  of  fruits, 
being  necessarily  in  a state  of  change,  communicates  that 
motion  to  the  particles  of  the  sugar  by  which  they  transpose 
themselves  into  alcohol  and  carbonic  acid. 

§ 990.  The  action,  however,  of  a ferment  upon  organic 
substances,  has  its  most  complete  parallel  amongst  inorganic 
compounds  in  the  decomposition  of  deutoxide  of  hydrogen,  and 
deutosulphuret  of  hydrogen,  by  the  mere  contact  of  certain 
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metals  and  metallic  oxides  to  which  we  have  previously  referred, 
(§  494  & 563),  and  in  which  there  is  a certain  degree  of  obscurity 
of  no  higher  amount  than  attaches,  perhaps,  to  other  modifi- 
cations of  the  action  of  force. 

§ 991.  We  will  now  trace  the  progress  of  the  elements 
of  the  alcohol,  which  we  have  derived  from  the  successive 
metamorphoses  of  starch  and  sugar,  through  other  transform- 
ations of  a similar  interesting  nature.  We  have  already  seen 
(§  500)  that  when  alcohol  is  heated  with  double  its  volume  of 
sxdphuric  acid,  olefiant  gas  or  bihydrocarhon  is  produced;  in 
this  process  the  acid  does  not  necessarily  undergo  any  change, 
and  its  action  is,  probably,  merely  the  determining  the  resolution 
of  the  alcohol  into  bihydrocarbon  and  water,  for — 

Biliydrocarbon.  Water.  Alcohol. 

2 (C2  H„)  + 2 HO  = C4  He 

and  this  being  the  most  stable  adjustment  of  the  affinities  con- 
cerned, is  the  ultimate  result  of  the  metamorphosis  of  the 
elements. 

§ 992.  But  there  is  a transformation  which  falls  short 
of  this  final  adjustment,  which  may  be  determined  by  mixing 
the  alcohol  with  only  half  the  quantity  of  sulphuric  acid,  and 
proceeding  to  distillation  with  a gentle  heat;  no  gas  is  given  off, 
but  an  inflammable  vapour  rises,  which  may  be  condensed  in 
a refrigerated  receiver  into  a light,  colourless,  very  limpid  liquid, 
to  which  the  name  of  Ether  has  been  given.  TVffien  it  has  all 
distilled  over,  a fresh  quantity  may  be  obtained  by  the  addition 
of  more  alcohol  to  the  same  acid.  The  acid,  indeed,  does  not 
necessarily  undergo  any  change  during  the  procass,  except  that 
of  becoming  gradually  diluted  with  water,  and  in  a properly 
arranged  apparatus,  alcohol  may  be  allowed  to  trickle  into  the 
retort,  so  as  not  to  check  the  ebullition,  but  just  to  compensate 
the  quantity  which  is  removed  by  the  change.  If  proper 
caution  be  used,  and  the  adjustment  of  heat  be  properly 
attended  to,  any  portion  of  alcohol  may  be  etherized  by  the 
same  portion  of  acid.  The  product  of  these  operations  must  be 
rectified  by  mixing  it  with  about  a sixteenth  of  its  weight  of 
carbonate  of  potassa,  to  absorb  the  water,  and  careful  distillation 
from  a water-hath. 

§ 993.  Ether  has  a i:>eculiar,  penetrating,  and  agrecal)lc 
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odour,  and  a pungent,  sweetish  taste.  It  produces  intoxication 
even  when  its  vapour  is  respired  with  the  air;  its  specific 
gravity  when  pure  is  0.713;  it  is  very  volatile,  and  boils  at  a 
temperature  of  96.5;  its  vapour  is  heavy;  its  specific  gravity 
^vith  regard  to  air  as  1 being  2.58.  When  ignited  it  burns  with 
a bright  yellow  flame,  which  deposits  some  carbon  and  leaves 
no  residue,  the  products  being  carbonic  acid  and  w^ater.  Its 
analysis  shews  it  to  be  a compound  of  C4  H5  O,  so  that  the 
action  of  the  sulphuric  acid  may  be  regarded  as  having  removed 
half  the  water  from  alcohol : for 

Ether  . . . C4  II5  O 

+ Water  ...  HO 

= Alcohol  . . . C4  He  O2 


§ 994.  With  regard  to  the  common  radicle  of  the  two 
compounds,  alcohol  and  ether,  there  are  no  less  than  three 
views  which  may  be  taken  of  it;  each  of  which  professes  to  be 
founded  upon  experimental  evidence.  They  all  agree  in  its 
being  a particular  form  of  hydrocarbon. 

According  to  the  first  theory  the  hydrocarbon  is  olefiant 
gas,  and  the  constitution  of  each  is  as  follows : 

(C2  Ho)  + HO  = Alcohol 
2(C2  Ho)  + HO  = Ether 

§ 995.  According  to  the  second  theory,  the  hydrocarbon 
is  isomeric  with  olefiant  gas,  but  contains  double  the  number 
of  equivalents,  and  it  has  been  distinguished  by  the  name  of 
etherine;  such  a compound  has,  in  fact,  been  obtained  in  a 
separate  state  from  other  sources.  The  formulae  are  then  as 
follows : — 

(C4  II4)  + 2 HO  = Alcohol 
(C4  114)  + HO  = Ether 

§ 996.  According  to  the  third  theory,  the  hydrocarbon 
is  composed  of  four  equivalents  of  carbon  and  five  of  hydrogen, 
but  has  never  been  insulated.  To  this  hypothetical  radicle  the 
name  of  ethule  has  been  given,  and  the  formula?  are  as  follows : 

(C4II5)  + O + HO  = Alcohol 
(C4  II5)  + 0 = Ether 

Ether  being  regarded  as  an  oxide  of  ethule,  and  alcohol  the 
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hydrated  oxide  of  the  same  radiele;  tlie  termination  ule  or 
yle  has  been  taken  to  distinguish  radicles  of  this  and  similar 
constitutions. 

§ 997.  Now,  it  is  not  only  the  constitution  of  alcohol 
and  ether  which  is  concerned  in  the  determination  of  this  J 
radicle,  but  that  of  a vast  number  of  other  compounds;  and 
great  confusion  has  arisen  in  this  department  of  chemistry,  not 
only  from  these  and  similar  conflicting  views,  but  from  the 
synonymous  nomenclature  which  they  have  been  the  means  of 
introducing.  We  cannot,  unfortunately,  appeal  at  present  to 
electrolysis  to  solve  the  question,  for  no  form  of  hydrocarbon 
has  yet  been  made  to  travel  in  the  voltaic  circuit,  and  we  must 
therefore  select  for  our  hypothetical  radicle,  that  combination 
of  the  elements  which  passes  as  a group  into  the  greatest 
number  of  combinations,  and  is  capable  of  substitution  for 
elementary  substances  most  frequently  without  change.  On 
these  grounds  we  shall  prefer  ethule  for  further  illustrations, 
and  leave  it  as  an  exercise  of  ingenuity,  to  such  as  may  be 
inclined,  to  substitute  other  forms  of  hydrocarbon  in  the 
several  examples;  with  an  assurance  that  plausible  arguments 
will  not  be  wanting  in  support  of  each.  1 

§ 998.  Ether,  or  Oxide  of  Ethule,  is  regarded  by  many 
chemists  as  a salifiable  base,  and  it  certainly  enters  into  combi- 
nation with  most  of  the  acids,  forming  compounds  which, 
however,  differ  very  much  from  saline  compounds  in  general. 
Indeed,  the  result  of  mixing  sulphuric  acid  with  alcohol,  in  the 
process  for  making  ether,  is  not  so  simple  as  we  have  repre- 
sented it  to  be;  for  the  removal  of  the  water  from  the  alcohol 
is  effected  by  intermediate  steps,  and  the  sulphuric  acid  first  ■ 
enters  into  combination  with  the  oxide  of  ethule  in  the  propor- 
tion of  two  equivalents  to  one.  The  compound  is  a peculiar 
acid,  which  has  received  the  name  of  the  sulphovinic  acid.  It 
may  be  formed  directly  by  passing  the  vapour  of  ether  through 
oil  of  vitriol,  so  long  as  it  is  dissolved.  On  subsequent  dilu- 
tion some  uncombined  ether  separates  and  floats  upon  the  top. 

Its  composition  is, 

(C4  II5  O)  SO3  -h  HO  SO3 

It  enters  into  combination  with  the  different  bases  in  the  pro- 
portions wliich  would  be  required  to  neutralize  one  of  tlie 
equivalents  of  sulphuric  acid  in  its  constitution.  The  salts  are 
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anhydrous,  and  have  the  usual  saline  characters,  and  even  those 
of  baiyta  and  lead  are  soluble;  the  usual  reagents  not  being 
able  to  detect  the  sulphuric  acid.  On  boiling  their  solutions, 
however,  with  a little  hydrochloric  acid,  alcohol  is  disengaged, 
and  the  sulphuric  acid  set  free.  The  hydrocarbon  may  also  be 
burnt  off,  and  the  characters  of  the  sulphuric  acid  muII  be 
restored. 

§ 999.  In  the  formation  of  ether,  when  the  acid  sulphate 
of  oxide  of  ethule,  or  sulphovinic  acid,  which  is  first  formed, 
is  heated  to  284°,  it  is  decomposed,  and  oxide  of  ethule  is 
evolved.  The  disengaged  sulphuric  acid  abstracts  another 
portion  of  oxide  of  ethule  from  the  hydrated  oxide  (alcohol), 
and  is  again  set  free. 

The  phosphoric  and  arsenic  acids  act  in  a similar  way  upon 
alcohol,  forming  phosphovinic  and  arseniovinic  acids  of  exactly 
analogous  properties  to  the  sulphovinic,  and  forming  ether  by 
similar  decompositions. 

§ 1000.  When  the  quantity  of  sulphuric  acid  in  the 
process  for  making  ether  is  increased,  or  when  fresh  alcohol  is 
not  supplied  during  its  progress,  an  oily  yellow  liquid  distills 
over,  which,  when  rectified  is  of  a greenish  colour.  Its  odour 
is  aromatic  and  pungent;  and  its  specific  gravity  is  1.133.  It  is 
not  soluble  in  water,  but  abundantly  so  in  in  alcohol  and  ether. 
When  boiled  with  water,  or  with  an  alkaline  solution,  sulphovinic 
acid  is  formed,  and  a lighter  oil,  which  floats  upon  the  surface. 

The  first  of  these  products  has  been  longest  known,  by  the 
name  of  heavy  oil  of  wine.  It  may  be  regarded  as  a combina- 
tion of  sulpho^finic  acid,  and  a form  of  hydrocarbon,  which  is 
represented  by  the  formula  C4  II4,  and  which,  in  fact,  is  separated 
by  boiling,  as  we  have  just  described,  and  constitutes  the  light 
oil  of  wine. 

The  formula  of  the  heavy  oil,  or  of  the  sulpbovinate  of 
etherine,  is  therefore, 

(C4II5O)  2SO3  + (C4II4) 

The  light  oil,  C4H4,  divides  itself  upon  standing  some  time, 
into  two  parts,  which  are  isomeric:  the  one  constituting  a light 
oil,  not  solidifying  at  a temperature  greater  than  35°,  and  the  other 
forming  hard  brittle  colourless  prisms  ; specific  gravity  0.980 ; 
melting  at  230°,  and  boiling  at  464°.  The  first  has  l)cen  named 
etherol,  and  the  second  etherine. 
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§ 1001.  Up  to  this  point  it  would,  perhaps,  be  found  that 
the  hypothesis  which  regards  this  form  of  hydrocarbon  (04!!^), 
as  the  radicle  of  this  class  of  compounds  which  we  are  con- 
sidering, instead  of  C4H5,  is  the  most  simple  of  the  two,  and 
it  is  certainly  much  strengthened  by  this  insulation  of  the 
radicle:  we  must,  however,  return  to  the  view  which  we  have 
selected  for  illustration. 

Oxide  of  ethule  or  ether  enters  into  combination  with  the 
other  acids  to  constitute  a class  of  bodies  which  are  not  acid, 
but  neutral  in  composition,  and  are  generally  known  by  the 
name  of  ethers,  and  distinguished  by  the  names  of  their  acids. 
We  will  describe  two  or  three  as  examples. 

§ 1002.  Muriatic  Ether,  Chloride  of  Ethule,  may  be 
obtained  by  distilling  a mixture  of  three  parts  of  oil  of  vitriol, 
four  of  dry  fcommon  salt,  and  two  of  absolute  alcohol.  The 
product  should  be  washed  by  passing  it  into  a vessel  containing 
water  at  60°,  and  afterwards  condensed  in  a vessel  surrounded 
by  ice.  It  is  a colourless  liquid,  with  the  odour  of  garlic,  and  a 
specific  gravity  of  0.874;  it  boils  at  52°,  and  is  but  sparingly 
soluble  in  water.  It  burns  with  a green  flame,  and  gives  off 
muriatic  acid. 

Formula,  (C4  II5)  Cl 

Analogous  compounds  may  be  formed  of  ethule  with  iodine 
and  bromine. 

§ 1003.  Nitrous  Ether,  Hyponitrite  of  Ethule,  is  best 
formed  by  generating  red  fumes  of  hyponitrous  acid,  and  con- 
ducting them  by  a bent  tube  to  the  bottom  of  a two-necked 
bottle,  containing  alcohol.  They  are  absorbed,  and  with  the 
lieat  which  is  evolved  the  compound  of  ether  and  the  acid  will 
be  distilled  over  through  a second  tube,  and  may  be  condensed 
in  a refrigerated  receiver  in  a perfectly  pure  state.  It  is  a liquid 
of  a pale  yellow  colour,  and  emits  the  odour  of  apples,  specific 
gravity  0.947,  and  it  boils  at  61°  Fahrenheit. 

Formula,  (C4  H5  O)  NO3 

§ 1004.  Acetic  Ether,  Acetate  of  Ethule,  is  prepared  by 
distilling  16  parts  of  dry  acetate  of  lead,  4^  alcohol,  and  6 of 
oil  of  vitriol.  After  rectifying  the  produet  over  lime  the  ether 
is  eolourless,  and  very  inflammable;  boils  at  165°;  and  pos- 
sesses an  agreeable  odour. 

Formula,  (C4  II5  O)  (Cj  II3  O3) 


ACETIC  FERMENTATION. 


651 


§ 1005.  Oxalic  Ether,  Oxalate  of  Etlmle,v(vx^  be  formed 
by  distilling  one  part  of  alcohol  with  one  of  binoxalate  of 
IDotassa,  and  two  of  oil  of  vitriol.  At  first,  some  water  and 
common  ether  pass  over,  but  then  a heavy  fluid,  which  sinks  to 
the  bottom  of  the  receiver.  The  heavy  ether  is  rectified  by 
distillation  off  litharge.  It  is  a colourless  oily  liquid,  of  an 
aromatic  odour.  Specific  gravity  1.0929.  Its  boiling-point 
is  363°. 

Formula,  (C4  II5  O)  (Cg  O3) 

§ 1006.  We  wiU  now  return  to  alcohol,  for  the  purpose 
of  shoAAung  how  circumstances  may  determine  in  it  a new 
species  of  fermentation  called  the  acetic  fermentation,  upon 
which  depends  a totally  different  series  of  interesting  transfor- 
mations. 

It  consists  in  the  absorption  of  oxygen ; but  for  the  com- 
mencement of  the  process  some  ferment  is  necessary,  as  for 
the  commencement  of  the  vinous  fermentation.  Pure  alcohol, 
whether  weak  or  strong,  will  undergo  no  change  by  exposure  to 
the  air;  but  if  a body  itself  undergoing  decomposition,  and 
absorbing  oxygen  from  the  air,  be  added  to  it,  at  a temperature 
between  70°  and  80°,  it  immediately  begins  to  absorb  oxygen 
with  great  rapidity,  and  is  converted  into  acetic  acid  or  vinegar. 
We  cannot  here  dwell  upon  the  processes  for  manufacturing 
wine  or  malt  vinegar,  which  used  to  be  effected  by  exposing  the 
vinous  liquid  in  vats  for  a long  time  to  the  action  of  the  air,  but 
it  is  now  greatly  expedited  by  causing  it  to  percolate  a cask 
fiUed  with  wood  shavings,  and  thus  exposing  a large  surface  to 
the  air.  The  absorption  of  oxygen  is  so  rapid  that  the  tempe- 
rature rises  to  100°,  and  a current  is  established  through  the 
vessel  by  which  a constant  supply  is  kept  up.  The  process 
which  used  to  occupy  many  weeks  is  thus  completed  in  36 
liours. 


§ 1007.  Spongy  platinum,  or  platinum  in  that  still  more 
divided  state  in  which  it  is  known  by  the  name  of  platinum 
black,  will  perform  the  part  of  a ferment  in  the  oxygenation  of 
alcohol,  and  we  thus  obtain  some  insight  into  the  nature  of 
such  catalytic  actions.  We  have  seen  (§  642,  &c.)  that  this  metal 
is  capaljle  of  condensing  aeriform  matter  and  retaining  it  by  the 
force  of  lieterogeneous  adhesion ; the  oxygen  whicli  it  thus 
condenses  is  in  exactly  that  state  in  which  its  elasticity  being 
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controlled,  it  is  most  fitted  to  exert  its  chemical  attraction.  | 

The  oxygenation  of  the  alcohol  takes  place  with  such  energy  ' 

upon  the  surface  of  the  metal  that  platinum  black  in  contact 
with  the  vapour  of  alcohol  and  air  becomes  red  hot.  The 
process  is  not  only  capable  of  being  carried  on  upon  a small 
scale,  but  has  been  applied  in  Germany  to  the  manufacture  of 
acetic  acid. 

Although  carbonic  acid  is  generally  given  oflf  in  the  common 
process  of  the  acetic  fermentation  it  has  been  fully  ascertained  | 
that  this  is  not  an  essential  product  of  the  process,  for  the 
ultimate  products  of  the  oxidation  of  alcohol  are  only  acetic 
acid  and  water ; four  equivalents  of  oxygen  are  absorbed  and  a 
tritohydrate  of  acetic  acid  formed;  thus  referring  to  the  formulae 
which  we  have  already  adopted  for  these  compounds 

(C4  H5)  O,  HO  + 40  = CC4H3O3)  3H0  I 

§ 1008.  But  it  will  be  observed  that  the  type  of  our  hydro-  1 
carbon  is  now  altered,  and  that  our  radicle  can  no  longer  be  C4  H5  | 
or  C4  H4,  but  C4  Hg.  Such  a hypothetical  radicle  (for  the  com- 
pound has  never  been  insulated)  has  been  traced  in  various 
other  compounds,  and  has  been  named  acetule.  The  simple  ' 
oxide  of  this  radicle  is  unknown ; but  the  formation  of  its 
hydrated  oxide  often  precedes  that  of  acetic  acid  in  the  pro- 
cesses which  we  have  described.  It  may  be  prepared  by  dis- 
tilling at  a gentle  heat  a mixture  of  6 parts  of  sulphuric  acid, 

4 parts  of  water,  4 parts  of  rectified  spirits  of  wine,  and  6 of 
peroxide  of  manganese;  the  product  is  carefully  condensed  so 
long  as  frothing  goes  on  in  the  retort.  It  must  be  purified 
by  rectification  by  a water  bath  from  an  equal  weight  of 
chloride  of  calcium  till  one  half  has  distilled  over.  It  can  only, 
however,  be  rendered  quite  pure  by  mixing  it  with  an  equal 
bulk  of  ether  and  saturating  it  at  a low  temperature  with  ammo- 
niacal  gas;  a compound  is  deposited  in  colourless  crj’^stals, 
which  must  be  washed  with  ether  and  dried  in  the  air.  From 
this  the  pure  compound  may  be  obtained  by  decomposition  of  ! 
its  solution,  by  dilute  sulphuric  acid,  and  rectification.  ' 

It  is  a colourless  liquid ; of  a peculiar  pungent  ethereal  smeU. 

Its  specific  gravity  is  0.709  at  64°;  it  boils  at  7l°»6;  is  very 
combustible,  and  miscibJe  with  water,  alcohol,  and  ether.  It 
changes  in  the  air  into  acetic  acid  by  absorption  of  oxygen.  It 
has  been  called  aldehyd,  an  abbreviated  expression  for  dehy- 
drogenated alcohol. 


Formula,  (0,  II3)  0 -1-  HO 
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from  which  it  wnll  be  perceived  that  it  may  be  considered  as 
analogous  to  alcohol,  and  that  one  form  of  hydrocarbon  acetule 
is  substituted  for  ethule. 

It  shows  some  approach  to  the  character  of  an  acid  by  its 
combination  above  described  with  ammonia,  and  by  combining 
with  potassa. 

§ 1009.  Another  equivalent  of  oxygen  may  be  added 
to  aldehyd  by  heating  it  in  contact  with  oxide  of  silver.  One 
half  of  the  oxide  is  reduced  to  the  metallic  state  while  the  other 
half  unites  with  the  acid  which  is  formed,  and  which  has  been 
named  the  acetous  acid.  It  may  be  obtained  pure  by  the 
decomposition  of  the  salt  of  silver  by  sulphuretted  hydrogen ; 
and  constitutes  a liquid  of  an  agreeable  acid  taste. 

Formula,  (C4  II3)  Og  + HO 

§ 1010.  Of  the  extension  of  this  hypothesis,  which  consi- 
ders olefiant  gas  and  etherine  as  a hydruret  of  acetule,  or  (C4  H3)H, 
and  which  would  require  us  to  return  upon  all  the  preceding 
compounds  to  adapt  them  to  this  new  radicle,  we  .hardly 
know  what  to  say,  except  that  the  spirit  of  generalization  is  apt 
to  carry  us  too  far,  and  that  a multiplicity  of  conjectural  views 
is  iU  adapted  to  elementary  instruction. 

§ 1011.  Under  the  influence  of  a red  heat,  the  acetic  acid 
resolves  itself  into  carbonic  acid  and  an  inflammable  liquid  to 
which  the  name  of  acetone  has  been  given.  The  latter  may  be 
obtained  by  distilling  acetate  of  lime  or  of  baryta  at  that  tem- 
perature, and  collecting  the  volatile  product : carbonate  of  lime 
or  baryta  will  remain  in  the  retort.  If  we  deduct  the  elements 
of  carbonic  acid  from  the  formula  of  acetic  acid  we  shall  obtain 
the  formula  of  acetone  : for 

C4  II3  O3  Acetic  acid. 

— C O2  Carbonic  acid. 

= C3  H3  O Acetone. 


It  may  also  be  formed  abundantly  by  passing  the  vapour  of 
acetic  acid  through  a tube  containing  charcoal  heated  just  below 
redness. 

It  is  a colourless  liquid,  lighter  than  water ; and  boils  at 
132°. 
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When  heated  with  hydrate  of  potassa,  it  is  transformed 
wholly  into  light  carburetted  hydrogen  and  carbonic  acid, 

C3H3O  + HO  = C2H4  + COg 

And  it  may  be  restored  to  the  form  of  acetic  acid  by  treatment 
with  oxidizing  agents. 

§ 101 2.  The  next  series  of  metamorphoses  which  we  shall 
select  for  our  illustration  is  of  extreme  interest,  as  presenting  us 
witli  the  eombination  of  another  radicle  consisting  of  another 
form  of  hydrocarbon,  which,  in  its  com2:>ounds,  preserves  a 
complete  parallel  with  those  of  ethule.  It  has  been  named 
methule,  and  like  ethule  has  never  been  insulated. 

Formula,  Oo  H3 

It  is  derived  from  the  transformation  of  the  elements  of 
lignin. 

When  wood  is  subjected  to  the  influence  of  a red  heat  in 
the  destructive  distillation,  charcoal,  preserving  the  organic 
texture  of  the  vegetable  substance,  remains  in  the  retort,  inflam- 
mable,gases  are  given  off,  and  liquid  pro  duets  may  be  collected 
which  spontaneously  separate  into  two  parts ; the  upper  con- 
sisting of  oily  and  tarry  matters,  the  lower  of  water,  acetic  acid, 
and  a spirit  to  which  the  name  of  pyroxylic  spirit  has  been 
given. 

The  impure  acetic  acid  is  neutralized  by  carbonate  of  lime, 
and  the  acetate  of  lime  thus  formed  is  decomposed  by  sulphate 
of  soda ; the  acetate  of  soda  is  crystallized  and  fused  to  get  rid 
of  the  adhering  tar ; re -dissolved  and  re-crystallized,  and  finally 
decomposed  by  sulphuric  acid.  The  purest  acetic  acid  is  thus 
obtained  by  a manufacturing  process  upon  a large  scale. 

§ 1013.  In  concentrating  the  rough  solution  of  acetate  of 
lime  by  distillation,  the  pyroxylic  spirit  is  separated.  It  is  at 
first  contaminated  by  other  volatile  products,  from  which,  how- 
ever, it  may  be  freed.  It  is  then  a colourless  liquid,  of  a pecu- 
liar aromatic  odour ; which  burns  with  a verj>’  pale  blue  flame. 
Its  specific  gravity  is  0.798;  it  boils  at  140°.  The  formula 
derived  from  its  analysis  is  Cg  H4  O2 ; and  regarding  it  as  the 
hydrated  oxide  of  methule  it  is  analogous  in  its  constitution  to 
alcohol. 

, Formula,  (C^  II3)  O,  HO 
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The  action  of  sulphuric  acid  produces  upon  pyroxylic  spirit 
precisely  similar  changes  to  those  which  it  determines  in 
alcohol. 

§ 1014.  S^dphomet hylic  Acid  is  formed  exactly  as  the 
sulphovinic.  It  may  be  obtained  in  crystals  by  cautious  eva- 
poration of  its  solution.  It  forms  permanent  and  easily-crys- 
tallizable  salts  with  the  dilferent  bases. 

Formula,  (C.  H3)  O SO3  -P  HO  SO3, 

Methylic  Ether  is  produced  by  the  decomposition  of  the 
foregoing  acid  by  heat.  At  ordinary  temperatures  it  is  a 
colourless  gas,  soluble  in  37  times  its  bulk  of  water. 

Formula,  (Cg  H3)  O 

and  it  is  therefore  isomeric  with  alcohol,  but  composed  of  only 
half  the  number  of  equivalents. 

§ 1015.  Sulphate  of  Methule  is  an  oily  liquid,  formed  by 
treating  pyroxylic  spirit  with  five  or  six  times  its  weight  of  sul- 
phuric acid.  It  has  a strong  odour  of  garlic ; its  specific  gra^sfity 
1.324 ; it  boils  at  370°.  By  boiling  in  water  or  in  the  solution 
of  the  alkalies  it  is  immediately  resolved  into  its  constituents. 

Formula,  (Cg  H3)  O + SO3 

Its  exact  analogue  of  the  ethule  series  has  never  been 
insulated. 

§ 1016.  Chloride  of  Methule  is  obtained  by  heating  to- 
gether a mixture  of  common  salt,  pyroxylic  spirit,  and  oil  of 
vitriol.  It  is  a permanent  gas  which  burns  with  a greenish 
flame.  Water  absorbs  only  twice  its  volume  of  the  gas. 

Formula,  (Co  II3)  Cl 

Analogous  compounds  of  iodine  and  bromine  may  also  be 
obtained. 

§ 1017.  Oxalate  of  Methule  is  formed  by  distilling  a mix- 
ture of  equal  parts  of  pyroxyhc  spirit,  oxalic  acid,  and  suljfliuric 
acid.  It  crystallizes  in  large  rhombic  plates ; it  fuses  at  1 24°, 
and  boils  at  312°.  It  dissolves  both  in  water  and  alcohol. 

Formula,  (C2  II3)  O,  C2  O3 

§ 1018.  Acetate  of  Methule,  formed  by  distilling  togetlier 
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oil  of  vitriol,  acetate  of  soda,  and  oxalic  acid.  It  is  a colourless 
liquid  which  boils  at  136°,  specific  gravity  0.919. 

Formula,  (C,  H3)  O,  (C,  H3  O3) 

It  is  not  necessary  to  describe  the  combinations  of  the  oxide 
of  methule  with  the  other  acids,  which  perfectly  resemble  those 
of  the  oxide  of  ethule. 

§ 1019.  The  analogy  of  the  two  radicles  is,  however,  so 
strongly  marked  in  one  other  parallel  transformation,  that  we 
are  tempted  to  describe  its  particulars.  The  oxidation  of 
alcohol  produces  acetic  acid  5 the  oxidation  of  pyroxylic  spirit 
produces  formic  acid.  The  process  may  be  carried  on  by 
means  of  spongy  platinum,  and  the  hydrated  oxide  of  methule 
may  be  thus  entirely  converted  into  hydrated  formic  acid. 

(Co  H3)  O,  HO  + 20  = C2  HO3  + HO 

The  hydrocarbon  of  the  radicle  is  here  again  (§  1008)  broken 
up,  and  a new  hypothetical  radicle  Cg  H formed,  which  has  been 
named  formule.  The  hydrated  oxide  of  this  radicle,  which 
corresponds  to  aldehyd,  is  unknown;  but  formule,  like  acetule, 
enters  as  a radicle  into  other  combinations. 

§ 1020.  We  will  next  direct  our  attention  to  the  meta- 
morphoses which  organic  substances  undergo,  which  in  addition 
to  carbon,  hydrogen,  and  oxygen,  contain  nitrogen  in  their 
constitution;  and,  notwithstanding  the  greater  complication  of 
their  structure,  and  the  immense  variety  of  their  products,  we 
shall  find  them  more  easy  to  unravel  on  account  of  the  very 
common  production  of  cyanogen,  the  most  simple  of  all  the 
organic  radicles,  and  the  least  difficult  to  examine,  on  account 
of  its  easy  isolation,  its  travelling  in  the  voltaic  circuit,  and  the 
readiness  with  which  it  enters  directly  into  combination  with 
other  bodies  in  the  manner  of  an  elementary  substance.  We 
have  already  seen,  that  it  may  be  formed  from  its  elements  by 
passing  nitrogen  over  charcoal  at  a high  heat  (§  364). 

When  animal  matters,  which  abound  in  nitrogen,  are  ex- 
posed to  a red  heat  in  contact  with  carbonate  of  potassa,  the 
same  combination  is  determined,  and  there  is  a very  extensive 
manufacture  carried  on  for  the  service  of  the  arts,  in  which 
dried  blood,  horns,  hoofs,  &c.,  of  animals  are  heated  with 
common  pearlashes  in  iron  pots,  to  which  iron  filings  are  also 
added,  by  which  cyanogen  is  formed,  and  obtained  in  com- 
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bination  witli  potassium  and  iron.  By  lixiviation  and  evapo- 
ration a beautiful  yellow  salt  crystallizes^  which  is  composed  of 
the  two  cyanides,  and  is  known  by  the  name  of  the  prussiate  of 
potassa.  By  exposing  this  salt  to  a red  heat  the  cyanide  of 
iron  is  decomposed  into  nitrogen  and  carburet  of  iron,  but  the 
cyanide  of  potassium  escapes  decomposition,  and  may  be  sepa- 
rated by  solution  and  crystallization.  The  yellow  salt  is  the 
source  from  which  all  the  artificial  compounds  of  cyanogen  are 
commonly  derived.  The  deutocyanide  of  mercury  (§  507)  may 
formed  from  it,  by  digestion  with  red  oxide  of  mercury;  oxide 
of  iron  and  caustic  potassa  are  set  free  in  the  process. 

We  have  already  sufficiently  described  the  combinations  of 
this  radicle  with  the  elements  and  inorganic  bases ; but  we  must 
dwell  somewhat  particularly  upon  the  compounds  of  the  metallic 
cyanides  with  each  other,  and  upon  some  other  double  cyanides. 

§ 1021.  The  yellow  prussiate  of  potassa,  the  manufacture 
of  which  we  have  just  described,  is  a combination  of  this  kind, 
in  Avhich  one  equivalent  of  cyanide  of  iron  is  combined  with 
two  equivalents  of  cyanide  of  potassium. 

FeCy  + 2KCy 

This  compound  does  not  possess  the  usual  properties  of  a 
cyanide  or  of  a salt  of  iron;  it  is  not  poisonous,  it  gives  no 
hydrocyanic  acid  with  sulphuric  acid  at  ordinary  temperature, 
and  its  iron  cannot  be  precipitated  by  alkalies  or  their  car- 
bonates. If  the  potassium  be  separated  from  it,  as  it  may  be 
by  tartaric  acid  in  the  form  of  a bitartrate  of  potassa,  a highly 
acid  compound  is  obtained  which  forms  small  yellow  crystals, 
which  contain  one  equivalent  of  cyanide  of  iron,  and  two  of 
hydrocyanic  acid,  or, — 

FeCy  -1-  2HCy 

§ 1022.  These  phenomena  are  best  explained  upon  the 
hypothesis  of  the  formation  of  a new  organic  radicle,  into  the 
composition  of  which  iron  enters,  and  the  symbol  of  whicli  is, 

FeCyj, 

and  which  has  been  named  Ferrocyanogen. 

Upon  this  view  the  composition  of  the  yellow  prussiate  of 
potash  is, — 

FeCy3  -1-  2K 

and  it  is  named  the  ferrocyanide  of  potassium ; and  the  com- 
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position  of  the  acid,  which  is  bibasic,  and  named  the  ferrocyanic 
acid  is, — 

FeCy,  + 2H 

§ 1023.  This  view  is  Ijorne  out  by  all  the  phenomena  of 
substitution;  and  ferrocyanides  of  all  the  metals  may  be  ob- 
tained by  the  double  decomposition  of  their  salts  by  ferro- 
cyanide  of  potassium,  consisting  like  it  of  two  equivalents  of 
the  metal  to  one  of  the  radicle.  The  colour  of  these  salts,  which 
precipitate  when  the  solutions  are  mixed,  is  often  peculiar,  and 
is  used  as  a test  of  the  presence  of  the  different  metals;  thus, 
ferrocyanide  of  copper,  FeCyj  4-  2 Cu,  is  of  a reddish  brown 
colour;  ferrocyanide  of  lead,  FeCys  4-  2 Pb,  of  a yellowish 
white,  &c.  Sometimes  the  two  equivalents  of  one  metal  are 
replaced  by  a single  equivalent  of  two  metals,  as  FeCyg  4-  KCa, 
in  which  potassium  and  lime  are  both  combined  with  the 
ferrocyanogen.  The  theory,  however,  is  put  beyond  a doubt 
by  an  appeal  to  electrolysis,  and  FeCyg  is  found  in  the  voltaic 
circuit  to  be  exactly  equivalent  to  the  elementary  substances, 
and  the  iron,  contrary  to  its  nature  as  it  were,  passes  to  the 
anode  of  the  voltaic  battery  with  the  cyanogen. 

§ 1024.  When  chlorine  is  passed  through  a solution  of 
ferrocyanide  of  potassium,  till  it  ceases  to  become  blue  by  the 
addition  of  persulphate  of  iron,  the  liquid  becomes  of  a deep 
green  colour,  and  yields,  on  evaporation,  fine  ruby-red  prismatic 
crystals.  It  is  distinguished  sometimes  by  the  name  of  the  red 
prussiate  of  potassa.  By  decomposition  of  heat  it  yields  exactly 
the  same  products  as  the  yellow  salt;  and  from  its  composition 
it  might  be  regarded  as  a compound  of  a sesquicyanide  of  iron 
with  three  equivalents  of  cyanide  of  potassium,  or — 

Fco  Cy3  4-  3 KCy 

We  wiU,  however,  contemplate  it  as  a compound  of  another 
radicle,  isomeric  mth  ferrocyanogen,  of  which  the  elements  are 
doubled,  combined  with  three  equivalents  of  potassium,  or 
Fcg  Cye  4-  3K,  and  the  radicle  we  will  distinguish  by  the  name 
of  Ferridcyanogen. 

Now  it  appears,  that  the  conversion  of  ferrocyanide  of 
potassium  into  ferridcyanide  by  chlorine  is  effected  by  the 
removal  of  one  equivalent  of  potassium  from  two  equivalents  of 
the  ferrocyanide ; for 

2(FeCy3,  2K)  - K = Fe„  Cyg,  3 K 
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§ 1025.  If  solutions  of  the  salts  of  the  diflferent  metals 
be  mixed  with  the  solution  of  the  ferridcyanide  of  potassium,  a 
double  exchange  takes  place,  and  ferridcyanides  are  formed  of 
difterent  distinctive  colours  from  the  corresponding  ferro- 
cyanides,  the  ferridcyanogen  being  substituted  entire  for  the 
acid,  with  which  the  metal  had  been  previously  combined. 

§ 1026.  If  the  insoluble  ferridcyanide  of  lead,  (Feg  Cyg) 
3 Pb,  be  suspended  in  water  and  sulphuretted  hydrogen  passed 
through  it,  the  ferridcyanic  acid  is  set  free,  and  a red  liquid  is 
obtained,  which  yields  on  evaporation  small  brown  crystals: 
the  composition  of  which  may  be  represented  by  the  formula, 

(Fe^Cye)  + 3H 

It  is  a tribasic  acid,  of  a sour  astringent  taste,  and  its  salts 
are  formed  by  the  substitution  of  3 equivalents  of  the  metals, 
&c.,  for  the  hydrogen  in  its  composition. 

The  conversion  of  the  yellow  ferrocyanide  of  potassium  into 
the  red  ferridcyanide,  may  be  effected  by  the  voltaic  current;  but 
whether  ferridcyanogen  travels  in  the  circuit  as  well  as  ferrocya- 
nogen,  is  now  a point  of  interesting  experimental  investigation. 

§ 1027.  The  action  of  the  yellow  and  red  prussiates  of 
potassa  upon  solutions  of  iron  is  very  interesting  both  on 
account  of  the  value  of  the  products  in  the  arts  and  of  the 
principles  which  it  involves.  When  a solution  of  ferrocyanide 
of  potassium  is  poured  into  a solution  of  per-salt  of  iron,  a 
precipitate  of  pure  Prussian  blue  is  formed,  which  is  insoluable 
in  water.  When  carefully  dried  it  is  a light  porous  body  of  a 
rich  blue  colour,  tasteless,  and  not  poisonous.  It  constitutes  a 
valuable  pigment,  much  used  in  the  arts. 

The  formula  of  its  constitution  is, 

3(FeCy3)  4Fe 

and  that  the  iron  in  its  composition  is  in  two  different  states  is 
proved  by  the  action  of  alkalies,  which  precipitate  four  equi- 
valents of  the  iron  only  in  the  form  of  oxide,  and  produce  an 
alkaline  ferrocyanide  with  the  remainder.  It  will  be  observed, 
that  this  Prussian  blue  is  not  a simple  ferrocyanide  like  the 
ferrocyanides  of  the  other  metals,  but  a sesqui-ferrocyanide  of 
iron;  and  this  is  the  reason  of  the  sesqui-oxide  of  iron  being 
required  for  its  formation.  The  reaction  which  arises  upon 
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a mixture  of  ferrocyanide  of  potassium  and  persulphate  of  iron, 
is  shown  by  the  following  formula : 

Ferrocy.  Pot.  Persul.  Iron.  Pruss.  Blue.  Sulp.  Pot. 

3(Fe  Cy„  K„)  + 2(Fe2  O3,  3 SO3)  = 3Fe  Cy3,  Fe^  + 6(KO,  SO3) 

§ 1028.  On  the  other  hand  a solution  of  the  red  prussiate 
of  potassa,  or  the  ferridcyanide  of  potassium,  produees  no 
change  when  added  to  solutions  of  the  sesqui-oxide  of  iron,  but 
with  the  protoxide  it  forms  a variety  of  Prussian  blue  of  great 
beauty,  which  is  manufactured  by  the  name  of  Turnbull’s  blue, 
and  is  a true  ferridcyanide  of  iron,  of  which  the  formula  is, 

(Fe^Cje)  3Fe 

The  reaction  of  solutions  of  ferridcyanide  of  potassium  and 
protosulphate  of  iron  upon  each  other,  is  expressed  as  follows : 
Ferridcy.  Pot.  Protsul.  Iron.  Pruss.  Blue.  Sulp.  Pot. 

Fe,  Cye,  K3  + 3 (Fe  0,  SO3)  ==  Fe^  Cyg,  Fe3  + 3 (KO,  SO3) 

§ 1029.  Under  certain  circumstances  Prussian  blue  is 
obtained  in  a soluble  state;  as  for  instance,  when  a per-salt 
of  iron  is  added  to  a solution  of  ferrocyanide  of  potassium  in 
excess.  A portion  of  peroxide  of  iron  is  in  this  case  carried 
down  by  the  precipitate,  and  a definite  compound  is  obtained, 
which  has  been  distinguished  as  basic  Prussian  blue. 

Formula,  3 (Cy  Fo3)  Fo4  + Fco  O3 

This  basic  compound  is  entirely  soluble  in  pure  water,  and 
its  solution  may  be  evaporated  to  dryness  without  decompo- 
sition: the  addition,  however,  of  any  salt  causes  its  separation. 
The  cyanides  of  some  other  metals  are  capable  of  forming 
similar  compound  radicles,  and  thus  we  have  a cobalto-cyanide  of 
potassium  and  chromo-cyanide  of  potassium,  &c.,  upon  whicli 
we  need  not  dwell. 

§ 1 030.  It  is  not  only  with  metallic  elements  that  cyanogen 
appears  to  be  capable  of  forming  compound  radicles,  for  it  may 
be  obtained  in  similar  union  with  sulphur  to  constitute  sulpho- 
cyanogen,  which  produces  binary  combinations  with  the  metals. 
When  the  yellow  prussiate  of  potash  is  carefully  mixed  in  fine 
powder,  with  half  its  weight  of  sulphur,  and  fused  in  an  iron 
vessel,  a sulphocyanide  of  potassium  is  formed,  and  the  iron 
converted  into  a sulphuret.  The  former  may  be  separated  Ijy 
solution,  and  obtained  in  prismatic  crystals  resembling  those 
of  nitre. 
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By  the  action  of  chlorine  upon  the  solution  of  this  salt, 
chloride  of  potassium  is  formed,  and  a yellow  precipitate,  com- 
posed of  CySg;  or  some  other  isomeric  compound  of  cyanogen 
and  sulphru".  It  is  very  light,  and  insoluble  in  water. 

That  it  is  the  real  sulphocyanogen  which  is  thus  separated, 
appears  probable,  because  a similar  product  is  obtained  by 
electrolysis  at  the  anode  of  the  circuit. 

§ 1031.  The  sulphocyanides  of  the  other  metals  may  be 
formed  by  the  reaction  of  sulphocyanide  of  potassium  upon 
their  salts. 

The  hydro-sulphocyanic  acid  may  be  isolated  by  decom- 
posing sulphocyanide  of  lead  by  sulphuretted  hydrogen.  It  is 
a colourless  liquid,  which  is  acid  to  the  taste,  and  reddens 
litmus  paper. 

Formula,  Cy  Sj  4-  H 

The  reaction  of  the  elements  of  sulphocyanogen  upon  each 
other,  under  the  influence  of  heat,  acids,  and  other  chemical 
agents,  produces  a multitude  of  metamorphoses,  some  of  the 
results  of  which  are  supposed  to  constitute  new  radicles,  and  as 
such  to  enter  into  combination  with  metallic  and  other  elements; 
but  the  discussion  of  them  would  lead  us  too  far  from  our 
present  purpose. 

§ 1032.  We  must  hasten  now  to  illustrate  the  subject  of 
metamorphosis,  by  a rapid  review  of  the  transformations  of 
some  of  the  organic  products  which  we  have  already  described, 
and  in  which  cyanogen,  or  its  compounds,  are  believed  to  bear 
a considerable  part;  and  particularly  of  urea  and  uric  acid. 

It  will  be  remembered  that  the  formula  of  urea  which  we 
derived  from  its  ultimate  analysis  was 

C,  Na  O2 

and  we  may  observe  that  these  elements  are  capable  of  arrange- 
ment as  hydrated  cyanate  of  ammonia,  or 

NH3  + O 4-  HO 

and  the  fact  is  that  urea,  though  an  organic  product,  may  be 
artificially  formed  by  the  combination  of  cyanic  acid  and  am- 
monia. It  is  abundantly  produced  by  double  decomposition, 
by  mixing  cyanate  of  potassa  with  a solution  of  sulphate  of 
ammonia  in  water,  and  l)oiling  the  whole  in  alcohol.  The 


UREA  AND  URIC  ACID. 


m2 

alcohol  dissolves  out  urea  and  leaves  the  sulphate  of  potassa 
undissolved  ; the  urea  separates  by  crystallization. 

Urea  is  very  liable  to  & putrefactive  fermentation,  which  may 
be  determined  in  its  solution  by  a small  portion  of  any  sub-  • 

stance  in  a similar  state,  when  by  the  association  of  the  elements  ; 

of  4 equivalents  of  water  1 equivalent  of  urea  becomes  converted 
into  2 equivalents  of  carbonate  of  ammonia. 

C„  No  H,  Oo  + H,  O4  = 2 (CO2  + NH4  O) 

§ 1033.  Let  us  next  remark  that  the  very  complicated 
constitution  of  uric  acid,  Cjo  N4  H4  Og,  is  capable  of  being  repre- 
sented by  2 equivalents  of  cyanogen,  4 equivalents  of  carbonic 
oxide,  and  1 equivalent  of  urea;  for 

C40  N4  II4  Og  = 2 (C2  N)  -h  4 (CO)  + (C2  No  H4  O,) 

and  Professor  Liebig  supposes  that  the  cyanogen  and  carbonic 
oxide  may  constitute  a complex  radicle,  C4  N Oo,  which  has  not 
been  isolated,  of  which  two  equivalents  are  combined  with  the 
urea  to  constitute  the  uric  acid,  and  which  are  capable  of  being 
separated  from  it,  and  entering  as  a whole  into  combination 
mth  other  bodies.  To  this  hypothetical  radicle  he  has  given 
the  name  of  writ ; and  he  observes  that  its  elements  again  are 
equivalent  to  those  of  oxalic  acid,  in  which  one  equivalent  of 
oxygen  has  been  replaced  by  cyanogen. 

(Cg  O2)  + O =r  Oxalic  acid  ^ 

(C2O2)  + Cy  = Uril  i 

1 

or  cyanoxalic  acid,  as  he  has  also  called  it.  { 

The  three  substances  which  most  directly  illustrate  this  view,  i 
which,  however,  rests  upon  no  experimental  evidence  whatever, 
are  constituted  according  to  the  following  formulae  ; 

2 (C4  NO2)  -1-  (C2  Oo  Ng  I-I4)  = Uric  acid. 

2 (C4  NOo)  -1-  2 O -h  4 HO  = Alloxan. 

2 (C4  NOj)  -I-  O -f-  5 HO  = Alloxantin. 

The  uric  acid  we  have  already  sufficiently  described.  >. 

§ 1034.  Alloxan  is  prepared  by  adding  uric  acid  gradually 
to  nitric  acid  (spec.  grav.  1.35),  which  dissolves  it  with  effer- 
vescence. The  action  must  be  cautiously  regulated,  and  as 
soon  as  crystals  make  their  appearance  in  the  warm  liquid  the 
whole  is  allowed  to  cool,  when  it  becomes  nearly  solid  from  the 
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deposition  of  crystals  of  alloxan.  The  crystals  must  be  washed 
in  a funnel  with  ice-cold  water.  It  crystallizes  from  a cold 
aqueous  solution  in  colourless  octohedrons  Muth  a rhombic  base, 
which  contain  six  equivalents  of  water ; but  a saturated  hot 
solution  deposits  oblique  rhomboidal  prisms,  which  are  anhy- 
drous. It  is  very  soluble  in  water,  reddens  vegetable  colours, 
and  stains  the  epidermis  purple.  By  the  action  of  alkalies  it  is 
converted  into 

§ 1035.  Alloxanic  acid,  or  2(04X02)  -I-  20  -f-  2 HO, 
or  alloxan  minus  two  equivalents  of  water.  It  may  be  obtained 
free  by  decomposing  alloxanate  of  baryta  by  sulphuric  acid. 
The  acid  solution  obtained  yields  crystals  by  evaporation.  It 
forms  salts  with  the  different  bases,  and  dissolves  zinc  vnth  the 
evolution  of  hydrogen.  Its  alkaline  salts  afford  an  indigo-blue 
colour  with  proto-salts  of  iron. 

We  cannot  at  present  enter  upon  the  changes  which  alloxan 
undergoes  when  submitted  to  the  action  of  different  chemical 
agents,  such  as  ammonia,  sulphuretted  hydrogen,  nitric  and 
sulphuric  acids ; the  products  are  almost  numberless,  as  may 
well  be  supposed  from  what  we  have  already  stated ; but  they 
are  not  at  present  connected  together  in  any  comprehensive 
view  which  can  materially  illustrate  the  philosophy  of  our 
subject. 

§ 1036.  Alloxanim  may  be  obtained  by  the  slow  oxida- 
tion of  uric  acid,  or  the  deoxidation  of  alloxan.  By  the  first 
process  uric  acid  is  to  be  diffused  through  boiling  water,  and 
dilute  nitric  acid  added  until  a perfect  solution  is  effected. 
Alloxantin  gradually  crystallizes  on  cooling  the  filtered  liquid. 
By  the  second  process  sulphuretted  hydrogen  may  be  passed 
through  a solution  of  alloxan,  when  sulphur  will  be  deposited 
and  alloxantin  formed.  It  is  sparingly  soluble  in  cold,  but 
much  more  in  boiling  water.  It  reddens  litmus  paper,  but  does 
not  appear  to  form  salts  with  bases.  When  oxidated  by  treatment 
\Hth  solution  of  chlorine  or  strong  nitric  acid  it  is  converted 
into  alloxan. 

§ 1037.  The  transformations  which  alloxantin,  again, 
undergoes  by  chemical  reagents  are  very  numerous  and  compli- 
cated ; one  of  them  we  shall  describe  as  an  example,  and  on 
account  of  the  beauty  of  one  of  the  products. 
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Mureooid,  Cjj  N5  H0  Oq.  When  7 grains  of  hydrated 
alloxan  and  4 grains  of  alloxantin  are  dissolved  by  boiling  in 
240  grains  of  water,  and  the  boiling  solution  added  to  80  grains 
by  measure  of  a cold  strong  solution  of  carbonate  of  ammonia, 
the  mixture  deposits  small  four-sided  prisms,  of  which  two 
faces  reflect  a green  metallic  lustre  like  that  of  the  wings  of 
cantharides.  They  are,  however,  garnet-red  by  transmitted 
lights.  The  name  of  murexid  has  been  conferred  upon  them. 
Murexid  is  but  slightly  soluble  in  cold  water,  but  its  solution 
is  of  a most  splendid  purple  colour.  It  is  insoluble  in  alcohol, 
ether,  or  solution  of  carbonate  of  ammonia.  It  dissolves  in 
solution  of  potassa,  to  which  it  communicates  a splendid  colour 
of  indigo. 

§ 1038.  Murexid  is  generally  formed  by  acting  upon  any 
of  the  products  of  the  reaction  of  uric  acid  and  nitric  acid  by 
ammonia : hence  it  forms  a very  delicate  test  of  the  presence  of 
uric  acid.  A fragment  of  uric  acid,  not  larger  than  a pin’s  head, 
dissolved  in  a drop  of  dilute  nitric  acid  and  touched  mth 
ammonia,  immediately  acquires  the  distinctive  purple  colour. 

§ 1039.  Dr.  Prout,  the  discoverer  of  this  remarkable  sub- 
stance, considered  it  as  an  ammoniacal  salt  of  a new  acid,  which 
he  denominated  the  purpuric  acid : and  his  view  is,  probabl)^, 
correet,  for  by  double  decomposition  with  salts  of  potassa, 
baryta,  lead,  and  silver,  purpurates  of  those  bases  may  be 
obtained,  the  formula  of  which  shews  the  acid  to  be  composed 
of  N5  C^e  H4  Ojo-  Murexid,  or  the  purpurate  of  ammonia, 
would  then  be  constituted  according  to  the  following  formula : — 

Ns  O46  H4  O40  + NII4  O 

§ 1040.  Mureocan,  as  it  has  been  called,  or  purpuric  acid, 
may  be  isolated  by  treatment  of  murexid  with  potassa,  and  the 
after  addition  of  sulphuric  acid  in  excess.  It  crystallizes  in 
colourless  plates  of  a silky  lustre,  and  is  insoluble  in  water  and 
dilute  acids. 

§ 1041.  There  is  one  more  of  the  organic  compounds 
in  which  cyanogen  is  supposed  to  be  concerned,  which  we  must 
notice,  Ijecause,  like  urea,  art  has  succeeded  in  its  formation, 
by  the  mere  force  of  chemical  affinity,  and  that  is,  the  allantoic 
acid,  which  we  have  already  dcscril)c,d  (§  946)  as  the  product  of 
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animal  organization.  Allantoin,  as  it  has  also  been  called,  (and 
the  metamorphosis  of  names  in  this  department  of  chemistry,  is 
at  least  as  perplexing  as  the  metamorphosis  of  the  substances 
themselves),  according  to  the  results  of  its  analysis  may  be 
represented  by  the  following  formula; 

Cya  3 HO 

and  it  may  be  artificially  produced  by  boiling  uric  acid  with 
the  peroxide  of  lead.  For  this  purpose  1 part  of  the  acid  is 
boiled  in  2 parts  of  water,  and  the  oxide  of  lead  added  by  small 
quantities  at  a time  till  it  ceases  to  change  colour.  The  boiling 
liquid  is  to  be  filtered  and  concentrated  by  evaporation,  and  the 
allantoin  mil  be  deposited  in  crystals.  Urea  is  also  produced 
wjith  oxalate  of  lead  (170). 

§ 1042.  But  cyanogen  and  its  compounds  not  only  result 
from  the  metamorphosis  of  the  products  of  animal  organization, 
but  also  from  vegetable;  and  it  is  well  known  that  hydrocyanic 
acid  maybe  obtained  from  the  bitter  almond  and  the  cherry  laurel: 
an  examination  of  the  changes  which  such  substances  undergo, 
will  at  once  extend  our  knowledge  of  this  important  radicle, 
and  introduce  us  in  a connected  manner  to  some  others  of 
considerable  interest. 

§ 1043.  Amygdalin  is  a vegetable  principle  which  may 


(I7O)  The  following  diagram  may,  perhaps,  assist  to  explain  this 
complicated  metamorphosis.  The  total  number  of  elements  concerned 
are  arranged  in  the  perpendicular  column;  the  results,  on  the  right 
and  left  horizontal  lines. 


2Fb 


AMYGDALIN. 


6t)6 

be  obtained  by  bruising  blanched  bitter  almonds,  and  pressing 
them  between  hot  iron  plates,  by  which  a fixed  oil  is  expressed 
from  them:  the  residue,  or  almond  cake  as  it  is  called,  is  then 
treated  with  strong  boiling  alcohol,  and  the  solution  which  is 
obtained,  evaporated  to  the  state  of  a syrup  by  a water-bath. 
The  residue  is  then  diluted  with  Avater,  and  a little  yeast  added 
to  induce  fermentation,  and  thus  get  rid  of  a portion  of  sugar 
which  it  contains.  The  liquid  is  then  filtered  and  again  evapo- 
rated, when  the  addition  of  cold  strong  alcohol  Avill  precipitate 
the  amygdalin  in  the  form  of  a crystalline  powder,  which  may 
be  dried  between  folds  of  filtering  paper. 

It  is  very  soluble  in  water,  and  crystallizes  from  a solution 
saturated  at  604°,  in  large  transparent  prisms  of  a silky  lustre, 
which  contain  6 equivalents  of  water:  by  drying  over  sulphuric 
acid,  it  parts  with  2 equivalents,  but  is  decomposed  at  a high 
temperature. 

The  formula  derived  from  its  analysis  is, 

C40J  H275  ^5  ^22 

which  is  singularly  confirmed  by  its  metamorphosis,  as  we  shall 
presently  show. 

§ 1044.  By  the  action  of  alkalies  amygdalin  is  converted 
into  amygdalic  acid;  and  it  parts  with  its  nitrogen  in  the  form 
of  ammonia.  The  acid  is  best  prepared  by  boiling  amygdahn  in 
baryta  water,  as  long  as  any  ammonia  is  given  off:  the  baryta  is 
then  all  removed  by  sulphuric  acid,  and  the  liquid  evaporated. 
It  is  thus  obtained  as  a colourless  amorphous  mass,  which  is 
deliquescent  and  possesses  an  agreeable  acid  taste.  1 equivalent 
of  amygdalin,  with  2 of  water,  are  thus  resolved  into  amyg- 
dalic acid  and  ammonia. 

C40,  II27,  N,  O22  + 2HO  = C,o,  H„e,  O04  4-  NII3 

§ 1045.  But  the  principal  part  of  the  white  kernel,  both 
of  the  bitter  and  sweet  almond,  consists  of  a jAeculiar  matter 
which  has  been  named  both  emulsin  and  synaptase:  to  obtain 
it  as  pure  as  possible,  the  almond  cake,  from  which  the  fixed 
oil  has  been  expressed,  is  macerated  for  turn  hours  with  twice 
its  weight  of  water,  and  then  submitted  to  a gradually  increasing 
pressure.  The  solution  thus  obtained  is  freed  from  vegetable 
albumen  by  precipitation  with  acetic  acid,  and  from  gum  by 
acetate  of  lead.  From  the  liquid  which  remains,  the  lead  is 
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first  thrown  down  by  sulphuretted  hydrogen,  and  the  emulsin 
may  then  be  precipitated  by  alcohol.  It  is  to  be  washed  with 
alcohol  and  dried  in  vacuo  over  sidphuric  acid. 

It  forms  a yellowish  white  opaque  mass,  resembling  horn; 
but  hard  and  friable.  It  is  very  soluble  in  water,  but  the 
solution  speedily  undergoes  decomposition.  It  is  precipitated 
in  flocks  by  alcohol,  and  its  solution  coagulates  at  140°,  like 
albumen.  Its  ultimate  analysis  affords,  per  cent.. 


Carbon 
Hydrogen 
Oxygen 
N itrogen 


49.025 

7.788 

24.277 

18.916 

100.000 


§ 1046.  This  substance  in  small  quantities  has  the  curious 
property  of  determining  the  metamorphosis  of  amygdalin, 
which  by  itself  undergoes  no  change  by  boibng  and  on  mixing 
a solution  of  10  parts  of  amygdalin  in  100  of  water,  with  1 of 
synaptase  in  10  of  water,  the  transformation  immediately  takes 
place,  and  several  new  products  result,  one  equivalent  of  amyg- 
dalin being  resolved  as  follows  into 


1 Equivalent  of  Hydrocyanic  acid 

2 „ Volatile  oil 

1 „ Sugar 

2 „ Formic  acid 

6 „ Water 

Amygdalin 


. Cg  II  N 
• CJog  11^2  • • 
. c.  He  . . 


C4  II2 


. C40  H27  N 


O4 

Oe 

Oa 

Os2 


It  does  not  appear  from  this  result  that  emulsin  itself  parti- 
cipates in  this  transformation;  it  is  partly  coagulated  by  the 
boiling,  and  partly,  as  it  would  appear,  converted  into  sugar, 
as  the  product  of  the  latter  substance  is  greater  than  would 
result  from  the  amygdalin  alone. 


§ 1047.  In  the  cotyledons  of  the  bitter  almond,  amyg- 
dalin and  emulsin  are  contained  in  different  cells,  and  are  by 
this  means  preserved  in  their  natural  state  from  reaction ; when 
bruised  in  water,  the  solution  of  both  takes  place,  and  the 
volatile  oil  and  hydrocyanic  acid  are  obtained  by  distillation. 

The  leaves  of  the  Lauro  cerasus  appear  to  contain  amygdalin 
and  a substance  analogous  to  emulsin,  and  hence  afford  the 
same  products  as  the  bitter  almond  upon  distillation. 
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§ 1048.  Hydruret  of  Benzule.  When  the  volatile  oil  of 
bitter  almonds,  formed  as  above,  has  been  freed  from  hydrocy- 
anic acid  by  distillation  from  a solution  of  chloride  of  iron  and 
lime,  it  is  colourless,  of  a strong  peculiar  smell,  specific  gravity 
1.043,  and  boils  at  356°.  Its  taste  is  burning,  and  it  is  very 
poisonous.  Its  vapour  may  be  passed  through  a red  hot  tube 
without  decomposition.  It  is  soluble  in  30  parts  of  water, 
and  perfectly  miscible  with  ether  and  alcohol.  Its  ultimate 
analysis  affords 

Ci4  He  O2 

and  it  is  believed  to  be  a compound  of  a hypothetical  radicle, 
to  which  the  name  of  benzule  has  been  given,  with  hydrogen,  or 
a hydruret  of  benzule. 

Formula,  C^4  H3  O2  -f  H 

This  radicle  may  be  transferred  entire  to  a long  series  of 
elements  and  other  radicles,  some  of  which  we  will  proceed 
briefly  to  notice. 

§ 1049.  Oxide  of  Benzule  is  the  benzoic  acid  which  we 
have  already  described  as  the  product  of  certain  resins  and 
balsams. 

Its  formula  upon  this  hypothesis  is, 

(C^HsO^)  + O + HO 

The  oil  of  bitter  almonds  gradually  absorbs  water  and 
oxygen  from  the  atmosphere,  and  becomes  converted  into  ben- 
zoic acid. 

§ 1050.  Chloride  of  Benzule  is  readily  formed  by  acting 
on  the  hydruret  with  chlorine.  It  is  a liquid  heavier  than  water, 
and  boiling  at  383°;  when  heated  AAnth  water  it  gradually 
changes  into  benzoic  and  hydrochloric  acids. 

Formula,  (C44  H5  Og)  + Cl 

Bromides  and  Iodides  of  Benzule  may  be  obtained  by  analo- 
gous processes. 

§ 1051.  Sulphuret  of  Benzule  may  be  obtained  by  distilling 
chloride  of  benzule  with  sulphuret  of  lead;  double  decompo- 
sition ensues,  and  a volatile  yellow  oil  is  obtained,  which  con- 
geals into  a soft  crystalline  mass,  with  a disagreeable  odour, 
whose  formula  is 


(C^.H^Oj)  + S 
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§ 1052.  The  products  of  the  decomposition  of  the  benzule 
series  it  is  impossible  to  enter  upon  here  ; but  they  are  at  present 
unconnected  by  any  general  relations  which  might  render  them 
interesting  in  the  point  of  view  to  which  we  are  confined. 

Other  oils  it  is  supposed  contain  other  radicles  in  combi- 
nation with  hydrogen,  which  constitute  compounds  of  which  the 
benzule  series  may  serve  as  the  type ; but  we  are  tempted  to 
describe  one  more  on  account  of  its  singular  relations,  and  its 
being  one  of  the  few  organic  products  which  can  be  formed  by 
chemical  forces  alone. 

§ 1053.  When  the  fllowers  of  the  meadow  sweet  {SpircBa 
ulmaria)  are  distilled  with  water,  a fragrant  volatile  oil  passes 
over,  which  may  be  purified  by  adding  potassa  and  separating 
a lighter  oil  by  distillation,  and  by  afterwards  disengaging  it  by 
sulphuric  acid.  It  is  of  a pale  yellow  colour,  inflammable ; 
specific  graAuty  1.173;  boiling  at  370°.  It  possesses  an  acrid 
taste ; is  slightly  soluble  in  water ; first  reddens  and  then 
bleaches  litmus  paper.  This  oil  is  supposed  to  be  a compound 
of  a radicle  to  which  the  name  of  Salicule  has  been  given,  with 
hydrogen,  and  its  formula  is 

-h  II 

and  it  is  in  this  view  a hydruret  of  salicule.  It  has  also  been 
called  hydro-saliculic  acid,  as  it  combines  with  metallic  oxides, 
its  hydrogen  being  replaced  by  the  metal.  It  may  be  recog- 
nised by  the  ^^olet  colour  which  it  communicates  to  per- 
salts  of  iron.  In  contact  with  chlorine  and  bromine,  hydro- 
chloric and  hydrobromic  acids  are  formed,  and  the  hydrogen 
is  replaced  by  an  equivalent  of  chlorine  or  bromine,  constituting 
chloro-saliculic  and  bromo-saliculic  acids. 

§ 1054.  Saliculic  acid,  (Ci4  Hg  O4)  -h  O + HO.  When 
the  hydro-saliculic  acid  is  dissolved  in  potassa  hydrogen  is 
evolved,  and  the  resulting  salt  being  dissolved  may  be  decom- 
posed by  muriatic  acid,  when  saliculic  acid  will  be  precipitated, 
and  may  be  sublimed  in  long  needles,  like  benzoic  acid.  It 
possesses  all  the  usual  properties  of  an  acid. 

§ 1055.  The  hydruret  of  salicule  may  be  formed  artifi- 
cially from  salicine,  by  mixing  it  with  an  equal  weight  of  bi- 
chromate of  potassa,  and  distilling  it  with  2^  parts  of  oil  of 
vitriol  and  20  of  water.  Gas  is  evolved  and  the  oil  passes  over. 
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§ 1056.  The  limits  of  our  plan  will  not  admit  of  our 
multiplying  illustrations  of  these  highly  interesting  transforma- 
tions, which  are  absolutely  numberless;  but  we  trust  that 
enough  has  been  done  for  the  explanation  of  their  general  prin- 
ciples. 

But  it  may  not  be  wholly  irrelevant  to  our  purpose  to  notice 
the  attempt  which  is  now  making  to  adopt  the  kind  of  reasoning 
which  we  have  been  endeavouring  to  explain,  and  which  the 
necessity  of  the  case  has  introduced  into  the  chemistry  of 
organic  substances  in  inorganic  chemistry,  with  regard  particu- 
larly to  the  compounds  of  ammonia. 

§ 1057.  Oxalate  of  Ammonia  may  be  obtained  by  satu- 
rating a solution  of  oxalic  acid  by  ammonia  and  crystallizing 
the  salt.  It  is  vei*y  soluble  in  water,  but  not  in  alcohol.  Its 
crystals,  which  are  prismatic,  contain  two  equivalents  of  water, 
one  of  which  may  be  expelled  by  heat,  when  they  crumble  into 
a white  powder. 

Formula,  NHg  -p  C„  O3  -f  HO 

When  oxalate  of  ammonia  is  distilled  it  fuses,  boils,  decom- 
poses, and  volatilizes,  leaving  a little  carbon  behind ; the  liquid 
which  passes  over  contains  a flocculent  substance,  which  also 
condenses  upon  the  neck  of  the  retort,  to  which  the  name  of 
oxalamide  was  given  by  its  discoverer,  M.  Dumas  : 100  parts  of 
the  salt  do  not  yield  more  than  5 of  this  peculiar  compound. 
A variety  of  other  products  are  obtained  at  the  same  time ; as 
ammonia,  water,  carbonic  acid,  carbonic  oxide,  and  cyanogen. 
The  oxalamide  assumes  the  form  either  of  crystaUine  plates  or 
of  a granulated  powder.  It  has  neither  taste  nor  odour,  and 
has  no  action  upon  test  paper.  It  is  volatile  wdien  heated ; 
but  generally  undergoes  partial  decomposition  when  sublimed, 
affording  cyanogen  and  carbon.  It  is  scarcely  soluble  in  water 
at  60°,  and  wholly  insoluble  in  alcohol. 

§ 1058.  Its  ultimate  analysis  affords  the  following  results. 


Carbon 

. 7.4 

Equiv. 
= 2 . 

. 12 

Oxygen 

. 36.3 

= 2 . 

. 16 

Hydrogen 

. 4.5 

= 2 . 

. 2 

Nitrogen 

. 31.8 

= 1 . 

. 14 

100.0 
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Oxalamide  differs  therefore  from  oxalate  of  ammonia  in  con- 
taining Dvo  equivalents  less  of  water ; for 

Co  Ho  N Oo  -f  2 HO  =z  NH3,  Co,  O3,  HO 

And  it  may  also  he  observed  that  its  elements  admit  of  other 
hypothetical  distributions^  as  into  deutoxide  of  nitrogen  and 
olefiant  gas, 

CoOoHoN  = NOo,  CoHo 
or  into  cyanogen  and  water, 

Co  O2  Ho  N = NCo,  2 HO 

Oxalamide  may  be  reconverted  into  oxalic  acid  and  ammonia 
by  the  resumption  of  water  under  the  influence  of  acids  or 
hydrated  alkalies  assisted  by  heat.  When  boiled  with  potassa 
or  soda  it  evolves  ammonia,  and  an  oxalate  of  the  fixed  base 
remains.  When  boiled  with  strong  sulphuric  acid,  oxalamide 
affords  sulphate  of  ammonia,  and  equal  volumes  of  carbonic 
acid  and  carbonic  oxide  are  evolved. 

§ 1059.  Now  it  has  been  supposed  that  oxalamide  is  a 
compound  of  a new  radicle  formed  by  the  breaking  up  of  the 
constitution  of  ammonia,  and  consisting  of  1 equivalent  of  nitro- 
gen and  2 of  hydrogen,  to  which  the  name  of  amidogen  has  been 
given ; and  that  the  formula  of  oxalamide  is 

NH2  + 2CO 

It  has  been  stated  to  bear  the  closest  analogy  to  oxygen  and 
chlorine.  It  has,  however,  never  been  isolated,  and  never  even 
transferred,  like  other  radicles,  from  one  compound  to  another 
by  substitution. 

§ 1060.  Compounds  of  a constitution  analogous  to  that 
of  oxalamide  have  been  formed,  which  have  been  distinguished 
by  the  termination  amide. 

Thus  by  acting  on  chloride  of  benzule  with  dry  ammonia, 
benzamide  is  formed ; or 

Ci4  H5  O2  NIL 

It  crystallizes  in  rhomboidal  prisms,  which  melt  at  240°,  and 
may  be  distilled  unaltered ; heated  with  potassa  it  yields  am- 
monia and  benzoate  of  potassa. 

§ 1061.  If  we  add  to  a cold  solution  of  bichloride  of  mer- 
cury a very  slight  excess  of  ammonia,  a copious  white  precipitate 
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is  formed,  and  the  liquid  is  found  to  contain  exactly  half  the  chlo- 
rine of  the  bichloride  combined  with  hydrogen  and  ammonia  as 
muriate  of  ammonia.  The  white  powder  which  has  long  been 
known  by  the  name  of  white  precipitate  of  mercury,  contains  all 
the  mercury  and  the  remaining  half  of  the  chlorine.  Dr.  Kane 
believes  that  it  is  a compound  of  chloride  and  amidide  of  mer- 
cury, and  that  its  formula,  adopting  202  the  ordinary  number 
for  mercury,  is 

HgCb  + Hg2NIl2 

but  Mr.  R.  Phillips  is  of  opinion  that  it  contains  in  addition  the 
elements  of  2 equivalents  of  water,  and  that  its  constitution 
may  be  represented  as  follows ; — 

HgCb,  IIg02,  2NH3 

An  amidide  of  mercury  has,  however,  never  been  obtained  in  a 
separate  state. 

§ 1062.  When  potassium  is  heated  in  dry  ammoniacal 
gas,  hydrogen  is  set  free,  and  a compound  is  formed,  which  is  a 
fusible  solid  of  an  olive-green  colour,  which  has  been  supposed 
to  be  an  amidide  of  potassium,  or 

Ka,  NH„ 

but  it  likewise  contains  undecomposed  ammonia.  It  has,  how- 
ever, been  observed  that  if  ammonia  were  simply  reduced  to 
the  state  of  amidogen  in  this  process,  4 volumes  should  be 
decomposed  and  evolve  2 volumes  of  hydrogen,  but  in  the  nume- 
rous experiments  of  Gay  Lussac  and  Thenard,  never  more  than 
volumes  of  ammonia  were  required  to  furnish  2 volumes  of 
hydrogen : so  that  the  constitution  of  the  green  substance  must 
be  considered  as  very  problematical. 

§ 1063.  Such  is  the  evidence  upon  which  we  are  required 
to  review  all  the  compounds  into  which  ammonia  enters  with 
reference  to  this  new  radicle  which  has  never  been  isolated  or 
transferred,  and  to  consider  ammonia  itself  as  an  amidide  of 
hydrogen,  or 

NH„  II 

Ammonium,  which  we  have  considered  as  the  radicle  of  the 
common  salts  of  ammonia,  (an  hypothesis  which  we  have  found 
to  be  so  remarkably  confirmed  (§  791)  by  the  results  of  electro- 
lysis,) is  then  to  be  a subamidide  of  hydrogen,  or 

NII2  H„ 
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and  sulphate  of  ammonia, 

NHo  -}-  Ilg  + 0-1  SO3 

or  a sulphate  of  the  oxide  of  subamidide  of  hydrogen ; and 
oxalate  of  ammonia, 

Nllg  + Hg  + O + Cg  O3 

an  oxalate  of  the  oxide  of  subamidide  of  hydrogen : and  so  on 
with  the  salts  of  the  other  acids. 

§ 1064.  An  immense  amount  of  ingenuity  has  been  ex- 
pended upon  this  hypothesis,  but,  as  the  nature  of  chemical 
analysis  has  been  most  happily  illustrated  by  the  resolution  of  a 
word  into  its  letters*,  so  we  cannot  help  being  reminded  by 
this  and  similar  transpositions  of  elements,  of  that  ingenious 
exercise  of  the  mind  which  is  afforded  by  the  literary  conceits 
called  anagrams;  in  which  the  letters  of  a word  are  required  to 
be  transposed  so  as  to  form  another  word ; unfortunately,  how- 
ever, the  true  chemical  combination  is  not,  in  general,  so  obvious 
as  the  literal. 

§ 1065.  The  hypothesis  of  arnidogen  does  not  appear  to 
clear  up  any  of  the  difficulties  which  attach  to  some  of  the 
ammoniacal  compounds,  and  is,  therefore,  objectionable  as 
unnecessarily  introducing  a confusion  of  ideas  and  nomencla- 
ture which  is  much  to  be  deprecated  in  elementarj^  teaching. 

We  cannot  do  better  than  here  introduce  the  judicious 
observations  of  Professor  Graham,  upon  the  subject,  than 
whom  there  cannot  be  a more  competent  authorityt- 

At  present  our  theories  of  the  constitution  of  compounds 
are  too  uncertain  to  be  regarded  otherwise  than  as  artificial 
aids,  to  facilitate  our  conception  of  the  manner  in  which  the 
formation  of  these  bodies  occurs,  and  of  the  transformations 
which  they  undergo ; and  a theory  of  constitution  is,  therefore, 
adopted  more  for  its  convenience  than  its  truth.  This  state  of 
things  leads  to  the  retention  of  the  ammonium  theory,  which 
has  introduced  a degree  of  simplicity  into  our  views  of  that 
particular  class  of  ammoniacal  compounds  to  which  it  is  appli- 
cable, that  could  not  easily  be  exceeded.  But  its  adoption 
must  not  be  allowed  to  preclude  the  consideration  of  other 
theories,  such  as  that  of  Dr.  Kane,  which  facilitate  investi- 


* Whewell,  Philosophy  of  the  Inductive  Sciences,  vol.  i.,  p.  3C2. 
+ Ghaumi's  Elements  of  Chemistry,  p,  4l‘i. 
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gations  in  the  mean  time,  and  may  prove  to  be  truer  in  the 
end.^^ 


§ 1066.  To  this,  we  must  however  add,  that  the  appeal 
to  electrolysis,  which  may  be  in  this  instance  made,  in  con- 
sequence of  these  compounds  being  conductors,  decidedly 
negatives  the  hypothesis;  and  ammonium  invariably  travels  as 
a cation  to  the  platinode,  instead  of  amidogen  to  the  zincode  of 
the  battery,  to  which  it  would  necessarily  be  directed,  if  it  bore 
a strict  analogy  to  oxygen  and  chlorine. 

Thus,  with  oxalate  of  ammonia  we  obtain  NH4  at  the 
platinode,  and  Co  O4  at  the  zincode,  in  accordance  with  the 
ammonium  theory  and  the  binary  theory  of  salts,  while  we 
ought  to  expect  upon  the  amidogen  theory  NH2  at  the  zincode ; 
but  we  are  hardly  able  to  guess  at  the  position  to  which  the 
remaining  elements  would  attain.  If  we  suppose  Cg  Ho  to  pass 
to  the  platinode,  what  is  to  become  of  O4?  If  we  imagine  them 
to  accompany  Co  Hg,  in  what  capacity  will  the  elements  travel 
together?  Cg  Hg  O4  would  form  a very  strange  cation  to  NHo 
as  an  anion;  and  if  we  determine  that  they  should  accompany 
NHg,  there  is  an  end  of  the  amidogen  theory.  When  we 
recollect  the  precise  manner  in  which  the  exchanging  quantities 
must  be  balanced  in  the  axis  of  the  polar  forces  of  the  voltaic 
current,  it  is  evident  that  such  arrangements  cannot  for  a 
moment  be  supposed  to  be  equivalent  to  each  other. 

§ 1067.  We  have  thus  illustrated  the  subject  of  chemical 
metamorphosis  by  the  spontaneous  changes  which  organic 
products  undergo  at  ordinary  temperatures,  and  under  the 
influence  of  difierent  chemical  agents;  we  must  yet  add  a few 
remarks  upon  the  transformations  which  are  determined  by  high 
artificial  temperatures. 

The  exaltation  of  the  chemical  affinities  of  these  compounds 
by  heat,  would  naturally  be  supposed  to  disturb  the  unstable 
equilibrium  of  their  arrangements;  but  the  results  are  not  so 
much  under  our  command  as  in  the  preceding  cases,  in  con- 
sequence of  our  not  being  able  to  regulate  the  application  of  this 
energetic  agent.  In  applying  it  to  any  mass  we  have  no  means 
of  determining  its  equal  action,  for  its  diffusion  will  vary  with 
the  mass,  the  conducting  power,  &c. ; and  a number  of  different 
reactions  will  be  determined  at  different  points,  dependent  upon 
their  respective  temperatures. 
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§ 10G8.  Thus  we  have  already  noticed  (§  1012),  that  in 
exposing  lignin,  or  wood,  to  destructive  distillation,  we  not 
only  obtain  acetic  acid  and  pyroxylic  spirit,  which  we  have 
already  examined  and  compared  with  the  products  of  the  more 
precise  spontaneous  metamorphoses  of  the  isomeric  substance 
sugar,  but  a variety  of  other  products,  some  of  which  we  now 
propose  briefly  to  notice. 

§ 1069.  Creosote.  The  tar  which  is  obtained  by  the 
distillation  of  wood  contains  a number  of  curious  compounds, 
some  of  which  stand  in  need  of  further  examination.  Creosote 
is  obtained  by  repeated  distillations  and  rectifications  of  the  tar, 
in  the  form  of  an  oil  which  sinks  in  water.  It  is  digested  in  a 
solution  of  caustic  potassa,  exposed  to  the  air,  and  then  preci- 
pitated by  the  addition  of  an  acid.  When  thus  purified  it  is 
colourless,  and  possesses  a penetrating  odour  of  wood  smoke : 
it  has  a sharp  burning  taste,  with  a specific  gravity  1.0375  boils 
at  400°,  and  burns  with  a strong  smoky  flame.  It  mixes  with 
ether,  alcohol,  and  water;  with  the  latter  of  which  it  forms  a 
definite  hydrate. 

Its  formula  is  supposed  to  be 

Cx4  H,  O, 

It  coagulates  albumen,  and  in  very  small  quantities  preserves 
fibrin  and  muscular  flesh  from  putrefaction.  It  unites  with 
both  acids  and  alkalies,  but  does  not  appear  to  form  definite 
compounds  with  them. 

§ 1070.  Paraffin  is  also  obtained  from  tar  by  a long  and 
intricate  process.  It  is  a pure  form  of  hydrocarbon,  CH,  but 
in  what  exact  state  of  condensation  has  not  been  ascertained. 
It  is  a soft  solid  of  a crystalline  texture,  transparent  and  colour- 
less. It  is  inodorous  and  tasteless,  fusible  at  110°.6,  and  capa- 
ble of  distillation  without  change.  Its  specific  gravity  is  0.870. 
It  burns  like  wax,  without  smoke  or  odour. 

It  is  chemically  distinguished  by  its  remarkable  indifference 
to  the  most  powerful  chemical  agents.  It  is  very  soluble  in 
alcohol  and  ether. 

When  rosin  and  fixed  oils  are  subjected  to  destructive  dis- 
tillation, an  almost  numberless  variety  of  hydrocarbons  are  pro- 
duced, some  solid  and  others  liquid.  The  mechanical  com- 
pression again  of  some  of  these  produces  another  analogous 

2x2 
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series,  which  were  examined  by  Dr.  Faraday  ; the  most  remark- 
able of  which  was  named  by  him 

§ 1071.  Quadri-hydrocarbon.  It  is  a liquid  which  is 
capable  of  ebullition  at  common  atmospheric  temperature,  and 
may  he  distilled  by  the  heat  of  the  hand.  It  burns  with  a 
brilliant  flame,  and  in  its  liquid  state  is  the  lightest  known 
substance  amongst  solids  and  liquids,  having  a specific  gravity 
of  0.627.  The  specific  gravity  of  its  vapour  compared  to  air  is 
1.963. 

Formula,  C4  H4 

and  it  is  probably  the  same  compound  as  the  light  oil  of  wine 
or  etherine,  which  we  have  described  (§  1000). 

It  is  also  produced  by  the  destructive  distillation  of  caout- 
chouc, or  India  rubber,  which,  as  we  have  seen  (§  970),  is  a 
natural  form  of  hydrocarbon,  (Cg  H^). 

§ 1072.  The  great  masses  of  fossil  fuel  which  are  inter- 
spersed in  different  strata  of  our  globe,  are  doubtless  produced 
by  the  slow  metamorphosis  of  vegetable  matters  under  the 
influence  of  heat  and  pressure ; and  the  usual  products  of  their 
destructive  distillation  bear  a general  analogy  to,  and  in  many 
cases  are  identical  with,  those  from  wood.  They  vary  in  their 
proportions  with  the  heat  which  has  been  applied  in  their 
production. 

§ 1073.  Naphthaline.  This  substance  is  obtained  abun- 
dantly by  rectifying  coal-gas  tar ; it  crystallizes  in  white  silvery 
plates;  specific  gravity  1.048;  melting-point  136°,  and  boiling- 
point  413°.  It  sublimes  rapidly  at  lower  temperatures.  It 
burns  with  a smoky  flame,  and  possesses  a very  powerful  pecu- 
liar odour.  It  is  insoluble  in  water,  but  abundantly  soluble  in 
alcohol  and  ether. 

Formula,  C„g  Hg 

Like  etherine  it  forms  definite  compounds  with  a great 
number  of  other  substances ; some  of  which  are  acids  of  an 
analogous  constitution  to  that  of  the  sulphovinic  acid,  &c. 

§ 1074.  One  of  the  most  interesting  of  the  liquid  pro- 
ducts of  the  distillation  of  coal,  is  naphtha.  It  is  a natural  as 
weU  as  an  artificial  product.  It  is  obtained  in  considerable 
quantity  from  the  sliores  of  the  Caspian  Sea,  and  from  parts  of 


DALTON’S  ATOMIC  THEORY. 


f)77 

Italy.  Its  specific  graAaty  varies  from  .750  to  .850.  It  has  a 
strong  bituminous  penetrating  odour ; does  not  congeal  at  0° ; 
and  burns  with  a strong  smoky  flame. 

Formula,  Cg  Hg 

but  from  late  experiments  it  is  probably  a compound  of  other 
principles ; or,  at  any  rate,  other  principles  are  produced  in  it 
by  transformations  dependent  upon  various  circumstances. 

§ 1075.  But  we  must  now  bring  these  observations  to  a 
close ; and  as  an  excuse  for  not  multiplying  our  illustrations  of 
this  part  of  our  subject,  and  as  exactly  expressing  our  own  sen- 
timents upon  the  occasion,  we  cannot  do  better  than  quote  the 
opinion  of  Professor  Liebig,  who  has  himself  so  successfully 
laboured,  not  only  in  the  field  of  speculation,  but  in  that  of 
observation  and  experiment.  “ Science,”  he  has  very  recently 
observed*,  ^^has,  especially  within  the  last  few  years,  been  en- 
riched with  so  many  bodies  of  this  kind,  the  products  of  destruc- 
tive distillation,  that  it  is  much  to  be  wished  the  labours  of 
chemists  were  directed  to  more  really  useful  objects  5 for  things 
of  this  kind  truly  serve  no  other  purpose  than  to  swell  the  size 
of  our  manuals.  * * * * These  substances  are  not  met 

with  in  organized  nature ; they  perform  no  part  which  fixes  our 
attention ; it  is  much  to  be  lamented  that  so  few  chemists 
follow  the  example  of  Mulder,  who  by  his  multiplied  and  accu- 
rate examinations  into  the  Laws  of  animal  and  vegetable 
chemistry,  has  opened  a world  of  new  discoveries.  The  most 
remarkable,  most  interesting,  and  most  important  researches  in 
chemistry  have  little  to  do  with  figures.” 


XXI.  ATOMIC  THEORY. 

§ 1076.  In  the  preparatory  view  of  the  forces  with  which 
matter  has  been  endowed,  which  we  have  been  presenting  to 
the  student  of  natural  science,  we  set  before  him  in  the  first 
place,  the  conception  which  the  mind  of  Newton  had  formed  of 
the  atomic  constitution  of  matter  (§  7)»  Tlie  same  hypothesis 
may  be  traced  back  to  the  writings  of  Epicurus  and  his  fol- 
lowers, and  even  to  earlier  times ; and  in  this,  as  well  as  many 
other  instances,  we  cannot  but  admire  the  acuteness  of  intellect 


* Annalen  der  C hemic,  tJ'C.,  band  38,  p.  203, 
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which  at  so  early  a period  of  philosophy,  propounded  specu- 
lations upon  the  constitution  of  the  universe,  which  have  stood 
their  ground  till  the  present  advanced  state  of  science.  The 
intellectual  vigour  of  the  philosophers  of  antiquity,  indeed,  was 
capable  of  the  grandest  and  most  comprehensive  views  of  nature, 
and  often  conducted  them  to  the  most  sublime  truths,  but  in 
attempting  perpetually  to  soar  above  the  vulgar  paths  of  observ- 
ation and  experience,  they  speedily  became  confounded  in  the 
mists  of  error  and  conceit. 

The  atomic  doctrine,  although  at  first  sight  it  might  appear 
to  belong  exclusively  to  metaphysical  science,  has  received  its 
greatest  support  from  the  progress  of  chemistry  in  modern 
times ; and  Dr.  Dalton,  the  great  discoverer  of  the  theor)’-  of 
multiple  and  equivalent  proportions,  clothed  his  views  from  the 
first  in  the  language  of  this  speculation : and,  hence,  the  term 
atom  is  now  often  used  by  writers  and  lecturers  as  synonymous 
with  equivalent. 

The  law  of  multiple  proportions  is,  in  fact,  a necessary  con- 
sequence of  the  atomic  hypothesis ; for  if  bodies  combine  only 
atom  with  atom,  or  one  atom  with  two,  &c. — the  weight  of  such 
atoms  having  a fixed  relation  of  weight  to  one  another — it  is 
clear  that  whatever  may  be  the  aggregate  number  of  particles  so 
combining,  the  total  weight  of  one  sort  must  be  in  the  same 
proportion  to  the  total  weight  of  the  other  sort. 

All  the  phenomena  are,  in  fact,  irreconcilable  with  the  rival 
hypothesis  of  the  infinite  divisibility  of  matter. 

§ 1077-  With  regard  to  the  absolute  weight,  sizes,  and 
numbers  of  the  ultimate  particles  of  matter,  nothing  of  course 
can  be  determined;  nothing,  moreover,  with  regard  to  the 
absolute  quantities  of  heat,  electricity  or  attraction  with  which 
they  may  be  associated  or  endued ; but  speculations  upon  the 
relative  proportions  which  the  atoms  of  different  species  of 
matter  bear  to  one  another,  in  these  respects,  haA'^e  been  sup- 
ported by  experimental  evidence  and  inductive  reasoning  of  the 
most  ingenious  description.  These,  perhaps,  are  best  kept  out 
of  sight  in  the  first  steps  of  physical  investigations,  as  likely  to 
turn  the  mind  from  that  rigid  method  of  induction  from  facts, 
by  which  alone  the  student  can  be  safely  guided ; but  in  a more 
advanced  stage  they  have  their  use  in  expanding  the  mind,  and 
in  imparting  a lively  interest  to  the  subject.  We  shall  there- 
fore, conclude  this  view  by  illustrating  the  mode  of  reasoning. 
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by  which,  on  one  hand,  the  atomic  theory  has  l^een  supported 
hy  experiment,  and  by  which,  on  the  other,  it  has  been  made 
the  means  of  suggesting  experimental  inquiry. 

§ 1078.  Dr.  Dalton  announced  the  important,  but  simple 
generalization  at  which  he  had  arrived  in  the  following  terms* : — 

“ In  aU  chemical  investigations,  it  has  justly  been  considered 
an  important  object  to  ascertain  the  relative  weights  of  the 
simples  which  constitute  a compound.  But,  unfortunately,  the 
inquiry  has  terminated  here ; whereas,  from  the  relative  weights 
in  the  mass,  the  relative  v^eights  of  the  ultimate  particles  or 
atoms  of  the  bodies  might  have  been  inferred,  from  which  their 
number  and  weight  in  various  other  compounds  would  appear, 
in  order  to  assist  and  to  guide  future  investigations,  and  to 
correct  their  results.  Now,  it  is  one  great  object  of  this  work 
to  show  the  importance  and  advantage  of  ascertaining,  the  rela- 
tive weights  of  the  ultimate  particles,  both  of  simple  and  compound 
bodies,  the  number  of  simple  elementary  particles  which  constitute 
one  compound  particle,  and  the  number  of  less  conipound  particles 
lohich  enter  into  the  formation  of  one  more  compound  particle. 

“ If  there  are  tAvo  bodies,  A and  B,  which  are  disposed  to 
combine,  the  following  is  the  order  in  which  the  combination 
may  take  place,  beginning  with  the  most  simple : namely, — 

1  atom  of  A + 1 atom  of  B ==  1 atom  of  C binary, 

1 atom  of  A + 2 atoms  of  B 1 atom  of  D ternary. 

2 atoms  of  A + 1 atom  of  B 1 atom  of  E ternary. 

1 atom  of  A + 3 atoms  of  B = 1 atom  of  F quaternary. 

3 atoms  of  A = 1 atom  of  B ==  1 atom  of  G quaternary.” 

&c.,  &c. 

He  proceeds  to  lay  down  the  following  general,  but  arbitrary, 
rule,  as  a guide  to  all  our  investigations  respecting  this  species 
of  hypothetical  synthesis:  and  this  rule,  in  fact,  constitutes  the 
fixed  point  from  which  calculation  must  set  out;  the  fulcrum 
from  which  the  hypothesis  must  be  applied : — 

“ 1st.  When  only  one  combination  of  two  bodies  can  be 
obtained,  it  must  be  presumed  to  be  a binary  one,  unless  some 
cause  appear  to  the  contrary. 

2nd.  When  two  combinations  are  observed,  they  must  be 
presumed  to  be  a binary  and  a ternary,”  &c. 
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§ 1079.  In  this  statement,  it  will  be  perceived,  that  Dr.  I 

Dalton  has  associated  the  fact,  that  the  proportion  in  which  | 

bodies  combine  follows  the  numerical  laws  upon  which  we  have  | 

already  laid  so  much  stress,  with  the  hypothesis,  that  the  union 
in  all  cases  takes  place  between  the  atoms  which  constitute  the 
substance  in  question;  and  that,  in  each  substance,  the  atoms 
are  themselves  characterized  by  a proportionate  difference  in 
point  of  weight  (171)*  ; 

§ 1080.  With  regard  to  the  shape  of  the  atomic  particles,  ■ 

we  have  already  given  the  rival  hypotheses  of  polyhedral  and  < 

spheroidal  forms  in  discussing  the  subject  of  crystaUization,  and  ’ 

stated  the  reasons  for  concluding  that  the  latter  is  the  more  j 

probable  of  the  two.  j 

The  spheroidal  hypothesis  has  received  a further  extension 
by  su]Dposing  that  the  structure  of  bodies  is  not  simply  due  to 
their  mutual  powers  of  attraction,  but  to  a balance  between  the 
attractive  force  of  the  atoms  and  the  repulsive  power  of  an 
elastic  atmosphere,  with  which  we  may  conceive  each  to  be 
surrounded,  and  which  is  sometimes  assumed  to  be  the  matter 
6f  heat.  The  atoms  are  imagined  to  be  attractive  of  each  other 
and  of  the  particles  of  the  hypothetical  atmosphere,  but  the 
latter  highly  repulsive  of  each  other. 

§ 1081.  Upon  these  postulates  each  sphencal  atom  would 


(I7I)  These  are  some  of  the  arbitrary  marks,  or  signs,  chosen  by 
Dr.  Dalton,  to  represent  the  several  chemical  elements  and  their 
compounds.  The  relative  weights  of  the  atoms  are  placed  under 

<0  tD  “0  O <S)  ‘0 
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them: — 1 repi'esents  the  atom  of  hydrogen;  2 nitrogen;  3 carbon; 
4 oxygen;  5 phosphorus;  6 sulphur;  7 represents  the  compound  atom 
of  water;  8 protoxide  of  nitrogen;  9 carburetted  hydrogen;  10  oxide 
of  carbon ; 1 1 sulphuric  acid. 
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1)6  surrounded  by  a stratum  of  equal  depth  in  all  its  parts, 
uniformly  distributed  over  its  surface,  which,  preventing  the 
actual  contact  of  the  particles,  would  nevertheless  allow  them 
to  arrange  themselves  according  to  the  laws  of  the  predominant 
attraction  (172). 

Any  addition  or  diminution  of  the  repulsive  aura  would 
cause  the  atoms  to  recede  from  or  approach  towards  each  other 
equally;  and  if  we  were  to  heat  a solid  so  constructed  it  would 
expand  equally  in  all  directions. 

But  this  would  not  be  the  case  with  oblate  spheroids  instead 
of  spheres.  For,  in  the  first  place,  as  the  force  of  their  attrac- 
tion upon  the  particles  of  the  aura,  must,  from  the  nature  of 
their  form,  be  exerted  with  greater  force  in  the  direction  of 
their  shorter  axes  than  that  of  their  longer,  the  centre  of  the 
spheroid  being  nearer  to  them  in  this  direction; — taking  for 
granted  two  fundamental  laws  of  attraction,  first,  that  all  the 
particles  of  matter  attract  one  another  dii’ectly  as  their  masses, 
and  inversely  as  the  squares  of  their  distances;  secondly,  that 
a body  of  any  shape  will  attract  a particle  of  matter  anywhere, 
with  the  same  force  and  in  the  same  direction,  as  if  all  the 
matter  of  that  body  were  collected  in  its  centre  of  attraction, — 
it  is  clear  that  their  repulsive  atmospheres  would  not  be  dis- 


(I72)  We  may  suppose  fig.  1 to  represent  a section  of  the  tetra- 
hedral arrangement  of  spheres  in  simple  contact;  and  fig.  2 of  the 
same  spheres,  with  their  atmospheres:  an  arrangement  essentially  the 
same  with  regard  to  structure  and  external  figure.  Any  addition  or 
diminution  of  the  repulsive  aura  would  cause  the  atoms  to  approach 
towards  and  recede  from  each  other  equally. 


Fig.  1.  Fig.  2.  Fig.  3.  Fig.  4.  Fig.  5. 


Fig.  3 represents  a section  of  the  tetrahedral  arrangement  of 
oblate  spheroids  in  simple  contact;  and  fig.  4 an  oblate  spheroid  with 
its  atmosphere,  which  is  collected,  according  to  the  laws  of  attraction, 
in  a layer  of  greater  depth  above  the  shorter  axis  than  above  tlie 
longer.  In  Fig.  5 we  are  presented  with  the  tetrahedral  arrangement 
of  similar  spheroids ; from  which  it  is  clear  that  any  addition  to  their 
atmospheres,  according  to  the  same  laws,  will  cause  a greater  expansion 
in  the  direction  of  the  shorter  axis  than  in  that  of  the  longer. 
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tributed  in  equal  layers  over  their  surfaces,  but  would  be 
collected  in  greater  depth  above  the  shorter  axes  than  the 
longer;  and  the  atoms,  with  their  atmospheres,  would  assume 
more  of  the  spherical  form  than  belongs  to  the  atom  alone. 

§ 1082.  A solid  crystal,  therefore,  thus  constructed,  must 
change  the  measure  of  its  angles  with  every  change  of  tem- 
perature. As  we  have  already  seen  (§  122),  this  is  precisely 
what  Professor  Mitscherlich  has  ascertained  to  happen  with 
crystals  of  carbonate  of  lime  and  other  substances  not  crystal- 
lizing in  the  regular  octohedral  series.  In  substances  crystal- 
lizing in  this  series  he  also  ascertained  that  the  expansion  was 
equal  in  all  directions. 

These  consequences  might  have  been  anticipated  from  the 
hypothesis,  and  the  observation  of  the  actual  phenomena  tends 
powerfully  to  its  support. 

§ 1083.  Passing  from  the  consideration  of  the  weights 
and  forms  of  the  atoms  of  different  kinds  of  matter  to  their 
relative  distances,  it  has  been  argued  that  the  particles  of  all 
elastic  fluids  are  placed  at  equal  distances  from  each  other,  and 
that  equal  measures  of  such  fluids  contain  an  equal  number  of 
particles.  This  opinion  is  founded  upon  their  equal  dilatation 
and  contraction  by  equal  changes  both  of  pressure  and  tem- 
perature. The  fact  of  the  same  force,  applied  to  difierent  gases, 
attracting  or  repelling  their  atoms  to  the  same  amount  leads  to 
the  conclusion  that  under  similar  circumstances  their  distances 
must  be  the  same. 

It  follows  also  from  this  assumption,  that  the  atomic  weights 
of  simple  gases  must  be  proportionate  to  their  densities,  and  that 
these  may  be  determined  by  experiment,  not  only  with  bodies 
which  are  naturally  in  a gaseous  state,  but  with  such  bodies  as 
are  volatile  below  the  fusing-point  of  glass,  by  which  our  expe- 
riments are  limited. 

§ 1084.  The  following  table  exhibits  the  specific  gravities 
of  the  several  gases  and  vapours  named  in  the  first  column,  the 
atomic  weights  derived  from  this  calculation,  and  the  equiva- 
lent proportions  in  which  they  combine,  or  what  we  must  now 
regard  as  the  atomic  weights  derived  from  their  affinities: — 
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Table  LIV.  Atomic  and  Equivalent  Weights. 


Specific  gra- 
vity from 
Experiment. 

Atomic  -r.  • 1 , 

Weight.  Equivalents. 

Hydrogen  . 

0.0688 

1.0  = 1.0 

Oxygen 

1.1026 

16.0  = 8.0  X 2 

Nitrogen 

0.9760 

14.1  14.0 

Chlorine 

2.4700 

35.9  = 36.0 

Bromine 

5.5400 

80.5  = 78.0 

Iodine 

8.7I6O 

126.6  = 125.0 

Phosphorus 

4.4200 

64.2  = 16.0  X 4 

Arsenic 

10.6000 

154.0  = 38.0  X 4 

Sulphur 

6.61 70 

96.1  = 16.0  X 6 

JMercmy 

6.9760 

101.3  = 202.0  X i 

Here  we  at  once  see  that  the  atomic  weights  thus  derived 
from  specific  gravity,  allowing  for  very  minute  errors  of  experi- 
ment, are  either  identical  with,  or  simple  multiples  and  sub- 
multiples  of,  the  equivalents  derived  from  chemical  combination. 
That  they  are  not  in  every  case  identical  requires  a modification 
of  the  hypothesis,  and  to  reconcile  the  two,  we  must  admit  that 
the  number  of  atoms  in  the  same  volume  of  the  different  gases 
is  not  equal,  but  that  they  bear  some  simple  proportion  to  one 
another,  as  1 : 1,  or  1 ; 2,  or  1 : 3,  &c.,  or  that  the  compounds 
which  were  supposed  to  be  binary,  or  atom  with  atom,  are  in 
some  cases  binary,  quaternary,  &c. 

§ 1085.  With  regard  to  liquids  in  general,  the  inequality 
of  their  expansion  by  heat  would  seem  to  lead  to  a directly 
opposite  conclusion  to  that  which  we  have  arrived  at  with 
regard  to  aeriform  bodies : nevertheless  their  particles  may  offer 
simple  points  of  relation  to  each  other,  if  the  comparison  be 
made  under  exactly  similar  circumstances.  M.  Gay  Lussac  has 
proved  this  by  showing  that  equal  volumes  of  alcohol  and 
sulphuret  of  carbon,  measured  at  equal  distances  from  their 
respective  boiling-points,  and  allowed  to  cool  an  equal  number 
of  degrees,  will  always  remain  equal. 

This  result  is  exhibited  in  the  following  table,  in  which  will 
be  found  the  contractions  which  1000  parts  of  these  two  liquids 
undergo  for  every  9°  of  Fahrenheit,  setting  out  from  the  boiling- 
point  of  each : — 
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Table  LV.  The  Contractions  of  Alcohol  and  Sulphuret  of 

Carbon. 


Number  of  De- 
grees by  which 
the  Temperatiu-e 
was  lowered. 

Contraction  of 
1000  parts  of  Al- 
cohol, from  the 
Temperature 
173°.5. 

Contraction  of 
1000  parts  of  Sul- 
phuret of  Carbon 
from  1 13°. 

9 

5.55 

6.14 

18 

11.43 

12.01 

27 

17.51 

17.98 

36 

24.34 

23.80 

45 

29.15 

29.65 

54 

34.74 

35.06 

63 

40.28 

40.48 

72 

46.68 

45.88 

81 

50.85 

51.08 

90 

56.02 

56.28 

99 

61.01 

61.14 

108 

65.96 

66.21 

As  these  contractions  are  sensibly  equal,  it  is  clear  that  the 
volumes  of  the  two  liquids  must  be  equal  at  the  temperatures 
denoted : and  to  compare  them  under  equal  circumstances,  it  is 
necessary  to  maintain  between  them  the  thermometric  interval 
which  separates  their  points  of  ebullition. 

Equal  volumes  of  alcohol  and  sulphuret  of  carbon  measured 
with  this  precaution  would  give  equal  volumes  of  vapour  mea- 
sured at  the  same  temperature  and  pressure ; and  this  theoretical 
conclusion  has  been  confirmed  by  experiment. 


§ 1086.  Hence  we  might  conclude  that  if  equal  volumes 
of  the  two  vapours  contain  an  equal  number  of  atoms,  equal 
volumes  of  the  liquids,  measured  under  the  conditions  which  we 
have  just  pointed  out,  must  do  the  same. 

This  is,  however,  by  no  means  a general  law ; but  still  there 
is  reason  to  suppose  that  an  intimate  relation  would  be  found 
between  liquids  and  their  vapours,  provided  a comparison  were 
instituted  either  at  their  boiling-points,  or  at  their  points  of 
greatest  viscosity. 

§ 1087.  The  atomic  weights  of  bodies  are  not  only  thus 
dependent  upon  their  specific  gravities,  but  are  intimately  con- 
nected with  their  specific  heats.  We  have  seen  that  when  we 
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compare  the  same  weight  of  two  substances  together,  their  capa- 
cities for  heat  are  very  unequal  (Table  XV.) ; but  if  we  make 
the  same  comparison  between  quantities  proportional  to  tlieir 
equivalent  numbers,  we  shall  find  their  capacities  almost  always 
equal.  This  remarkable  law  was  discovered  by  MM.  Dulong 
and  Petit.  It  may  otherwise  be  expressed  thus : — The  specific 
heat  of  simple  bodies  is  inversely  as  their  atomic  weights ; and 
a given  quantity  of  heat  will  elevate  the  same  number  of  degrees 
a portion  of  every  simple  substance  represented  by  its  atomic 
weight.  Thus,  it  requires  twice  as  much  heat  to  elevate  the 
temperature  of  a pound  of  sulphur,  whose  equivalent  number  is 
16,  10°,  as  it  does  to  raise  that  of  a pound  of  zinc,  whose  equi- 
valent number  is  32,  to  the  same  extent ; and  a pound  of  heated 
sulphur  will  warm  twice  as  much  water,  or  any  third  substance, 
as  a pound  of  equally  hot  zinc. 

Now  as,  according  to  our  hypothesis,  the  number  of  particles 
which  equal  weights  of  any  two  substances  comprise,  is  in 
inverse  proportion  to  the  weights  of  these  particles,  the  law  in 
question  may  be  verified  by  multiplying  the  capacities,  deter- 
mined by  experiment,  by  the  weights  of  the  corresponding 
atoms.  If  the  law  be  true,  the  products  of  the  multiplication 
should  be  sensibly  equal,  or  differ  from  one  another  by  quanti- 
ties so  small  as  to  fall  vfithin  the  limits  of  errors  of  experiment. 


Table  LVI.  Correspondence  of  Atomic  Weights  and  Specific 

Heats. 


Specific  Heat. 

Atomic 

Weights. 

Product  of 
the  two. 

Chemical 

Atomic 

Weights. 

Bismuth 

0.0288 

108 

31.10 

108 

Lead  . 

0.0293 

104 

30.47 

104 

Gold  . 

0.0298 

100 

29.80 

200 

Platinum 

0.0314 

96 

30.14 

96 

Tin 

0.0514 

58 

29.81 

58 

Silver  . 

0.0557 

55 

30.63 

108 

Zinc 

0.0927 

32 

29.66 

32 

Tellurium 

0.0912 

32 

29.18 

32 

Copper 

0.0949 

32 

30.36 

32 

Nickel 

0.10.35 

28 

30.38 

28 

Iron 

0.1  iOO 

28 

30.80 

28 

Cobalt 

0.1498 

20 

29.96 

30 

Sulphur 

0.1880 

16 

30.08 

16 

Mean  . . 

30.18 
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§ 1088.  The  preceding  table  exhibits  the  specific  heats 
of  thirteen  simple  substances,  the  atomic  weights  which  corres- 
pond with  them,  the  product  of  the  multiplication  of  these  two 
numbers,  and  the  atomic  weights  derived  from  their  chemical 
combinations. 

§ 1089.  Admitting,  therefore,  the  truth  of  the  law,  if  we 
know  the  capacity  of  any  simple  body  for  heat,  we  have  only  to 
divide  by  it  the  number  30.18,  the  mean  product  of  the  table, 
to  obtain  the  relative  weight  of  its  atom  compared  to  hydrogen. 
But  here,  again,  it  will  be  observed  that  the  atomic  numbers 
derived  from  the  specific  heats  are  not  in  all  cases  identical 
with  those  derived  from  chemical  combination;  hut  still  they 
are  connected  together  by  the  simple  relations  of  multiple  and 
sub-multiple. 

§ 1090.  It  has  also  been  found  by  M.  Neumann,  that  the 
atoms  of  compound  bodies  of  analogous  composition,  are  endued 
with  the  same  capacity  for  heat,  as  the  following  resvdts  of  the 
two  classes  of  carbonates  and  sulphates  will  show. 

Table  LVIT.  Correspondence  of  Atomic  Weights  and  Specific 
Heats  in  the  Carbonates. 


Atomic 

Product  of 

Specific  Heat. 

Weights. 

the  two. 

Carbonate  of  lime  . 

. 0 2044 

50 

102.2 

Carbonate  of  baryta 

. 0.1080 

99 

106.9 

Carbonate  of  iron  . 

. 0.1819 

58 

105.5 

Carbonate  of  lead  . 

. 0.0810 

134 

108.5 

Carbonate  of  zinc 

. 0.1712 

62 

106.1 

Carbonate  of  strontia 

. 0.1445 

74 

106.9 

Mean 

. 106. 

Table  LVIII.  Correspondence  of  Atomic  Weights  and  Specific 

Heats  in  the  Sulphates. 


Sulphate  of  baryta 

. 0.1068 

117 

124.9 

Sulphate  of  lime 

. 0.1854 

68 

126.0 

Sulphate  of  strontia 

. 0.1.300 

92 

119.6 

Sulphate  of  lead 

. 0.0830 

152 

126.1 

Mean 

124.1 

In  these  instances,  the  atomic  weights  exactly  correspond  witli 
those  derived  from  the  chemical  composition  of  the  several  salts. 
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§ 1091.  The  like  intimate  connexion  exists  between  the 
atoms  of  bodies  and  electricity:  the  specific  electricity  of  different 
substances,  is  inversely  as  their  atomic  weights,  and  a given 
quantity  of  electricity  will  separate  from  combination  portions 
of  substances  represented  by  their  atomic  weights.  Thus,  the 
action  of  32  parts  of  zinc,  in  a voltaic  battery,  is  able  to  evolve 
a current  of  electricity  which  is  capable  of  decomposing  and 
transferring  the  elements  of  9 parts  of  water,  and  of  disengaging 
1 part  of  hydrogen  and  8 parts  of  oxygen.  Or,  if  we  have 
recourse  to  another  source  for  the  electricity;  the  same  current 
derived  from  the  induction  of  a magnet,  which  wiU  decompose 
9 parts  of  water  into  1 hydrogen  and  8 of  oxygen,  will,  at 
the  same  time,  decompose  37  parts  of  muriatic  acid  into  1 of 
hydrogen  and  36  of  chlorine. 

This  is  another  mode  of  representing  the  grand  discovery  of 
Faraday,  and  it  will  be  seen  from  the  following  table,  that  the 
atomic  weights  experimentally  obtained  by  him  by  electrical 
decomposition,  accord  with  those  derived  from  chemical  com- 
position. The  calculated  specific  electricity  of  equal  weights 
of  the  difierent  substances,  is  placed  by  the  side  of  their  atomic 
numbers. 


Table  LIX.  Electro-Chemical  Equivalents. 


Hydrogen 

CATIONS. 

Equivalents. 

. . 1. 

Specific 

Electricity. 

1000 

ANIONS. 

Specific 

Equivalents.  Electricity 
Oxygen  ...  8.  125 

Potassium 

. . 39  2 

25 

Chlorine  . . 

35.5 

27 

Sodium 

. . 23.3 

43 

Iodine  . . . 

126. 

8 

Zinc 

. . 32.5 

31 

Bromine 

78.3 

12 

Copper . 

. . 31.6 

31 

Fluorine 

18.7 

55 

Ammonia 

. . 17. 

58 

Cyanogen  . 

26. 

38 

Potassa 

. . 47.2 

21 

Sulphuric  acid 

40. 

25 

Soda 

. . 31.3 

32 

Nitric  acid  . 

54. 

18 

Lime 

. . 28.5 

35 

Chloric  acid 

75.5 

13 

§ 1092.  This  mode  of  viewing  the  atomic  constitution  of 
bodies  in  relation  to  space,  gravity,  affinity,  heat,  and  electricity, 
not  only  presents  us  with  the  most  interesting,  although  imper- 
fect, glimpses  of  the  order  of  the  material  creation,  but  may  be 
practically  useful  by  enabling  us  to  correct  the  data  which  we 
derive  from  one  order  of  relations  by  those  deduced  from 
another.  Thus,  with  regard  to  the  chemical  equivalents,  or 
combining  proportions  of  some  substances,  chemists  have  been 
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sometimes  in  doubt  between  two  numbers,  one  the  multiple  of 
the  other;  which  doubt  might  he  resolved  by  an  appeal  to  their 
specific  heats,  or  electrolytic  products.  For  a long  time,  opinions 
were  divided  between  the  numbers  64  and  32,  for  copper,  either 
of  which  can  be  defended  upon  purely  chemical  grounds,  with 
arguments  of  equal  plausibility:  both  the  relations,  however,  of 
heat  and  electricity  agree  in  the  latter  number. 

§ 1093.  There  are  some  instances,  however,  in  which  the 
weights  of  the  atoms  derived  from  physical  considerations,  as 
contradistinguished  to  chemical,  are  at  present  irreconcilable 
with  the  latter,  although  still  connected  with  them  by  simple 
relations.  The  bold  spirit  of  hypothesis,  far  from  being  checked 
by  the  difficulty,  hereupon  suggests  that  chemical  atoms,  those 
infinitely  small  particles  which  are  indivisible  by  chemical 
forces,  may  be  divisible  by  heat,  and  that,  for  example,  the 
chemical  atoms  of  mercury  are  divided  into  two  when  they  pass 
into  the  gaseous  state. 

§ 1094.  The  forms  of  the  ultimate  atoms  of  different 
kinds  of  matter  have  also  been  appealed  to  for  confirmation  of 
their  respective  weights.  It  was  long  ago  remarked  by  M.  Gay 
Lussac,  that  in  the  composition  of  alum,  ammonia  might  be 
substituted  for  potassa  without  at  all  interfering  with  the  shape 
of  its  crystals;  and  that  a crystal  of  ammoniacal  alum,  when 
placed  in  a saturated  solution  of  potassa  alum,  would  go  on 
increasing  in  size  without  undergoing  any  modification  of  form. 
M.  Mitscherlich  has  since  discovered  that  salts,  or  in  general 
any  chemical  compounds,  which  can  be  repesented  by  the  same 
atomic  formula,  may  crystallize  together,  and  become  mixed  in 
any  proportions  in  the  crystals,  without  modifying  the  funda- 
mental form  beyond  a few  degrees  in  the  measure  of  their 
angles.  He  supposes  that  the  molecules  of  all  such  substances 
have  the  same  forms,  and  that  therefore  one  is  capalile  of 
taking  the  place  of  another  without  leavfing  any  vacuity.  Tliis 
identity  of  shape  and  faculty  of  substitution  belongs  to  bodies 
of  all  classes.  Simple  substances,  oxides,  sulphurets,  salts, 
and  organic  matters,  may  possess  it,  and  it  may  therefore  be 
considered  as  a general  property  of  bodies.  Professor  Mit- 
scherlich has  designated  it  by  the  name  of  Isomorphism:  he 
denominates  isomorphous,  substances  that  crystallizing  in  the 
same  shape  can  substitute  themselves  one  for  the  other  without 
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changing  the  form  of  the  product,  and  lie  regards  them  as  being 
generally  composed  of  the  same  number  of  atoms  united  in  the 
same  manner. 


§ 1095.  This  last  condition,  which  agrees  in  a great 
number  of  cases  with  chemical  data,  being  conceded,  we  have  it 
in  our  power  to  determine  the  atomic  weights  of  simple  sub- 
stances which  have  not  yet  had  their  specific  heat,  or  their 
density  in  a state  of  vapour,  determined. 

For  an  example  of  this  mode  of  reasoning,  let  us  take  iron, 
whose  atomic  weight  determined  by  its  specific  heat  agrees 
with  the  chemical  equivalent  28;  from  the  analysis  of  its  two 
principal  oxides  we  are  led  to  the  following  conclusions. 

The  protoxide  of  iron  contains: — 


Iron 

Oxygen  . 


77.23 

22.77 


} 100.00 


Iron.  Oxygen.  1 Equiv.  Iron.  1 Equiv.  Oxy. 

And,  77.23  : 22.77  : : 28  : 8 

The  protoxide,  therefore,  contains  one  atom  of  each  element. 
The  sesqui-oxide  of  iron  contains : — 


And, 


Iron 

Oxygen  . 
Iron. 

69.34  : 


. ^^'3^^00  00 

. 30.66/ 

Oxygen.  1 Equiv.  Iron.  1^  Equiv. Oxy. 

30.66  ::  28  : 12 


The  sesqui-oxide,  therefore,  contains  1 atom  of  iron  and 
oxygen,  or  2 atoms  of  iron  and  3 of  oxygen. 

Now,  the  oxide  of  iron  may  be  replaced  in  the  carbonate  or 
sulphate  of  iron  by  a great  number  of  oxides;  as  magnesia, 
lime,  protoxide  of  manganese,  oxide  of  zinc,  &c.  The  analysis 
of  the  oxides,  therefore,  being  known,  nothing  can  be  easier 
than  to  determine  the  atomic  weight  of  the  metal  when  un- 
known. 


§ 1096.  It  is  known,  for  instance,  that  lime  contains: — 

Calcium  . . niUoo.o 

Oxygen  . . 28.6) 

Knowing,  from  the  law  of  isomorphism,  that  lime  must  contain 
one  atom  of  calcium  and  one  atom  of  oxygen,  we  state  the 
following  proportions : — 

Oxygen.  Calcium.  1 Oxygen.  Atomic  Number. 

28.6  : 71.4  : : 8 : 20 
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And  in  tlie  same  manner  we  may  proceed  with  the  numerous 
other  metals  whose  oxides  are  isomorphous  with  the  preceding. 

§ 1097.  On  the  other  hand,  knowing  the  number  of 
atoms  of  metal  and  oxygen  which  the  sesqui-oxide  of  iron 
contains,  we  may  easily  find  the  atomic  weights  of  such  metals 
as  afford  oxides  isomorphous  with  it.  It  is  known,  for  example, 
that  the  sesquioxide  of  iron,  the  sesquioxide  of  manganese,  and 
the  oxides  of  chrome  and  aluminum,  can  replace  one  another, 
and  become  intimately  blended  in  the  composition  of  alum, 
without  changing  the  form  of  the  salt.  Hence  we  conclude, 
that  each  of  these  oxides  contains  two  atoms  of  metal  for  three 
atoms  of  oxygen. 

Thus  we  know  that  alumina  is  composed  of : — 

Aluminum  . . 53.29Kg„g„ 

Oxygen  . . . 46.71^ 

And  from  these  data  we  obtain  the  atomic  weight  of  aluminum, 
thus : — 

Oxygen.  Alumina.  1|  Oxygen.  Atomic  Number. 

46.71  : 63.29  : : 12  : 13.5 

§ 1098.  We  will  take  a last  illustration  of  the  principle 
under  consideration  from  manganese,  which  will  prove  at  once  how 
various  and  how  unerring  are  the  indications  of  isomorphism. 

The  protoxide  of  manganese  is  isomorphous  with  the  pro- 
toxide of  iron,  and  therefore  contains  one  atom  of  metal  to  one 
atom  of  oxygen.  From  its  composition  per  cent,  we  derive  the 
following  result : — 

Oxygen.  Manganese.  1 Oxygen.  Atomic  Number. 

21.94  : 78.06  : : 8 : 28 

The  sesqui-oxide  of  manganese  is  isomorphous  with  the  sesqui- 
oxide of  iron,  and  from  its  known  composition : — 

Oxygen.  Manganese.  1|  Oxygen.  Atomic  Number. 

29.66  : ' 70.34  : : 12  : 28 

The  manganic  acid,  again,  is  isomorphous  with  the  sulphuric 
acid ; and  from  the  atomic  number  of  sulphur  derwed  from  its 
specific  heat,  the  latter  contains  one  atom  of  suli^hur  to  tliree 
atoms  of  oxygen.  We  must  therefore  adopt  the  same  formula 
for  the  former,  and  its  analysis  will  lead  to  the  following  pro- 
portion : — 

Oxygen.  Manganese.  3 Oxygen.  Atomic  Number. 

46.45  : 53.55  : : 24  : 28 
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And  lastl}’^,  the  hypermaiiganic  acid  is  isomor])hous  with  the 
hyperchloric  acid ; and  as  this  is  composed  of  two  volumes  of 
chlorine  to  seven  of  oxygen,  we  must  conclude  that  the  hyper- 
manganic  acid  itself  is  composed  of  one  atom  of  manganese 
to  three  and  a half  of  oxygen,  so  that  we  derive  the  following 
proportion  from  its  analysis  : — 

Oxygen.  Manganese.  3^  Oxygen.  Atomic  Number. 

50.29  : 49.71  : : 28  : 28 

Thus  four  distinct  classes  of  combinations  all  lead  to  the  same 
result,  and  we  cannot  doubt  that  with  regard  to  simple  sub- 
stances, w’hich  cannot  even  be  examined  by  other  methods, 
isomorphism  is  capable  of  leading  us  to  correct  results. 

§ 1099.  M.  Hermann  Kopp,  again,  has  very  recently 
discovered  another  relation  of  isomorphous  bodies,  which  is 
highly  interesting,  and  likely  to  lead  to  important  results.  This 
he  has  observed  by  comparing  together  what  he  denominates 
the  atomic  volumes  of  such  bodies.  The  atomic  volume  of  a 
body  is  found  by  dividing  its  atomic  weight  by  its  specific 
gravity,  and  we  thus  obtain  relative  numbers  which  are  not  like 
the  atomic  numbers  referrible  to  a standard  unity  of  comparison ; 
and  he  has  found  that,  as  a general  rule,  “ the  atomic  volume 
of  all  isomorphous  bodies,  simple  or  compound,  is  the  same 
The  same  law  is  expressed  as  follows : “ The  specific  gravities 
of  isomorphous  bodies  are  proportional  to  their  atomic  weights 
or,  “The  molecules  of  isomorphous  bodies  are  equal  not  only 
as  regards  their  forms,  but  also  their  dimensions.” 


example : 

Specific  Gravity. 

Atomic  No. 

Atom. 

Gold 

. 19.258 

200 

103 

Silver 

. 10.428 

108 

103 

Chlorine  . 

. 1.3.30 

36 

270 

Iodine 

. 4.948 

125 

253 

Bromine  . 

. 2.990 

75 

253 

Alumina  . 

. 3.833 

50 

130 

Peroxide  of 

iron  2.101 

28 

133 

In  the  exceptions  to  this  law  M.  Kopp  traces  some  curious 
relations  to  other  properties  of  the  bodies,  which,  as  well  as  the 
law  itself,  are  well  worthy  of  further  investigation. 

• Ann,  de  Chimie,  tom.  J.xxv.,  p.  406. 
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§ 1100.  We  have  now  to  remark  an  evident  relation 
lietween  the  atomic  weights  of  certain  substances  and  their 
densities  in  the  solid  state ; thus  amongst  the  metals,  those 
which  have  the  highest  numbers  have  also  the  highest  specific 
gravities.  Hence  when  the  atomic  weight  has  been  fixed  by  no 
other  consideration,  we  are  disposed  to  conclude  that  a hea^^' 
metal  has  a high  equivalent,  and  a light  metal  a low  one.  The 
metals  which  have  a specific  gravity  higher  than  9,  have  all 
atomic  weights  above  96,  and  those  below  that  density  seldom 
exceed  32  or  40.  But  knowing  the  weights  of  equal  volumes  of 
two  simple  substances,  and  the  weights  of  their  particles,  the 
relation  between  the  distances  of  the  particles  of  these  two 
bodies,  or  of  the  spaces  which  they  occupy,  may  be  calculated. 
Or,  which  is  the  same  thing,  we  may  compare  the  number  of 
the  atoms  in  equal  volumes  of  the  substances.  The  density 
divided  by  the  atomic  weight  of  one  will  be  to  the  density 
divided  by  the  atomic  weight  of  the  other,  as  the  number  of 
atoms  in  a volume  of  the  first  to  the  number  of  atoms  in  an 
equal  volume  of  the  second.  These  relations  are  found  to  be  of 
extreme  simplicity  when  we  compare  together  substances  which 
can  be  classed  together  by  marked  analogies.  Let  us  compare, 
for  example,  the  following  five  isomorphous  metals : — 

„ ...  Atomic  Number  of  Atoms 

densities,  Volumes. 


Iron 

. 7.8 

28 

0.277 

Cobalt 

. 8.5 

30 

0.280 

Nickel 

. 8.6 

30 

0.283 

Copper  . 

. 8.9 

32 

0.278 

Manganese 

. 8.0 

28 

0.280 

Mean 

. 0.2796 

The  numbers  in  the  last  column  differ  too  little  from  the 
mean  to  allow  us  to  doubt  that  to  their  other  analogies  we  may 
add  that  of  containing  the  same  number  of  atoms  in  the  same 
volumes. 

If  we  add  carbon  to  this  list,  we  shall  have  the  following 
result : — 


Diamond 


Density. 

3.4 


Atomic  Number 

Weight,  of  Atoms. 

6 0.56 


From  which  we  conclude  tliat  the  numljer  of  atoms  in  an  equal 
volume  of  carbon  bears  the  simple  relation  to  the  former  of  a 
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duplicate  ratio.  There  may  at  first  appear  to  be  little  analogy 
between  the  preceding  metals  and  carbon ; but  it  is  worthy  of 
remark,  that  melted  iron  is  capable  of  dissolving  carbon  in  large 
quantities,  and  of  throvdng  it  off  in  a lamellar  state  in  the  act  of 
cooling;  as  if  the  particles  of  iron  and  carbon  were  capable  of 
mutual  interposition,  and  occupied  spaces  simply  proportioned 
to  each  other. 

§ 1101.  The  metals  molybdenum  and  tungsten  offer  a 
most  striking  example  of  this  accordance,  for  while  they  are 
united  by  the  strongest  analogy  of  properties,  they  are  separated 
by  the  greatest  differences  of  densities  and  equivalents : — 


Densities. 

Atomic 

Weight. 

Number 
of  Atoms. 

Molybdenum 

8.6 

48 

0,17 

Tungsten 

. 17.4 

100 

0.17 

§ 1102.  One  more 

example  we 

will  select  from  a compa- 

rison  between  the  lightest  and  heaviest  elementary  solids  with 

which  we  are  acquainted 

Densities. 

Atomic 
W eight. 

Number 
of  Atoms. 

Sodium 

. 0,972 

24 

0.040 

Potassium 

. 0.865 

40 

0.020 

Platinum 

.21.500 

96 

0.200 

Here  we  see  that,  in  an  equal  volume,  platinum  contains  just 
five  times  as  many  atoms  as  sodium,  and  ten  times  as  many  as 
potassium. 


§ 1103.  The  phenomena  to  which  we  have  before  referred 
of  dimorphism  (§  126)  and  isomerism  (§  511)  are  also  intimately 
connected  with  the  atomic  theory.  To  the  former  belong  those 
changes  in  a body  which,  without  altering  its  composition  or  its 
chemical  character,  modify  its  physical  properties,  such  as  its 
density  its  hardness,  its  cohesion,  its  colour,  or  its  crystalline 
form.  They  are  conceived  to  depend  upon  some  alteration  in 
the  arrangement  of  the  molecular  groups  of  the  bodies  in  which 
they  occur.  Under  the  latter  are  classed  together  all  those 
bodies  which  present  the  same  composition,  but  which  differ 
essentially  in  their  chemical  properties;  and  their  differences 
are  doubtlessly  connected  with  differences  in  the  arrangement 
of  the  elementary  atoms  or  proper  chemical  atoms  of  which 
they  are  composed. 
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§ 1104.  The  atomic  theory  thus  connects  together,  by  an 
hypothesis  of  extreme  simplicity,  a vast  multitude  of  phenomena 
which  could  scarcely  be  comprehended  in  any  other  general 
view;  and  it  is  scarcely  possible  to  overrate  its  importance.  In 
it  we  recognise  one  of  “ those  higher  inductions,  in  which  more 
scope  is  given  to  the  exercise  of  pure  reason  than  in  slowly 
groping  out  our  first  results;  and  the  mind  is  more  disencum- 
bered of  matter,  and  moves,  as  it  were,  in  its  own  element.^’ 

But  we  must  be  careful  not  to  abuse  this  liberty  of  specu- 
lation, which  is  one  of  the  highest  privileges  of  the  well-trained 
intellect,  and  the  student  of  the  atomic  doctrines  will  do  well 
to  imprint  upon  his  mind  the  caution  of  that  eminent  philo- 
sopher, to  whom  we  have  already  been  so  greatly  indebted  for 
our  rules  of  philosophizing,  that  ^‘We  are  not,  therefore,  to 
suppose  that  we  are  abandoned  to  the  unrestrained  exercise  of 
the  imagination,  or  at  liberty  to  lay  down  arbitrary  principles, 
or  assume  the  existence  of  mere  fanciful  causes.^^  ^‘The  ulti- 
mate objects  we  pursue  in  the  highest  theories  are  the  same  as 
those  of  the  lowest  inductions  ; and  the  means  by  which  we  can 
most  securely  attain  them  Ijear  a close  analogy  to  those  which 
have  been  found  successful  in  such  inferior  cases*.” 

§ 1105.  We  have  thus  filled  up  our  plan;  and  we  hope 
that  the  view  which  has  resulted  of  the  connexion  of  the  phy- 
sical sciences,  may  be  useful  to  students  in  preparing  them  for 
that  closer  and  more  laborious  examination  of  the  principles 
of  Chemical  Philosophy,  which  will  be  necessary  for  the  attain- 
ment of  proficiency  in  that  or  any  other  department  of  science. 
“ It  can  hardly  be  pressed  forcibly  enough  on  the  attention  of 
the  student  of  nature,”  observes  Sir  John  Herschel,  that 
there  is  scarcely  any  natural  phenomenon  which  can  be  fully 
and  completely  explained  in  aU  its  circumstances  without  a 
union  of  several,  perhaps  of  all,  the  sciences  and  it  cannot 
be  doubted  that,  whatever  walk  of  science  he  may  determine  to 
pursue,  impossible  as  it  is  for  a finite  capacity  to  explore  all 
with  any  chance  of  success,  he  vfill  find  it  illuminated  in  pro- 
portion to  the  light  which  he  is  enabled  to  throw  upon  it  from 
surrounding  regions.  But  independently  of  this  advantage,  the 
glimpse  which  may  thus  be  obtained  of  the  harmony  of  Crea- 
tion,— of  the  unity  of  its  plan — of  the  theory  of  the  material 
universe,  is  one  of  the  most  exalted  objects  of  contemplation 
* IIersciiel’s  Z)isco(/JWj  pp.  190,  191. 
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which  can  be  presented  to  the  faculties  of  a rational  being.  In 
such  a general  survey  he  perceives  that  science  is  a whole, 
whose  source  is  lost  in  infinity,  and  which  nothing  but  the 
imperfection  of  our  nature  obliges  us  to  divide.  He  feels  his 
nothingness  in  his  attempts  to  grasp  it,  and  he  bows  with 
humility  and  adoration  before  that  Supreme  Intelligence 
who  alone  can  comprehend  it;  and  who  “in  the  beginning  saw 
every  thing  that  He  had  made,  and  behold  it  was  very  good.^^ 
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Absorption,  from  absorbeo,  to  suck  up;  the  power  or  act  of  imbibing  a 
fluid. 

Acetic  Acid,  from  [acetum,  vinegar ; the  acidifying  principle  of  common 
vinegar. 

Acicclar,  from  actis,  a needle ; having  sharp  points  like  needles. 

Acoustics,  from  dKov<o,  to  hear;  the  science  which  relates  to  sounds. 

Action,  from  ago,  to  act;  the  effort  by  which  one  body  produces,  or 
endeavours  to  produce,  motion  in  another. 

Adhesion,  -ive,  from  ad,  to,  and  hasreo,  to  stick ; the  tendency  which  dissi- 
milar bodies  have  to  adhere  or  stick  together. 

Aeration,  from  df)p,  the  air;  the  saturation  of  a liquid  with  air. 

Aeriform,  from  di)p,  the  air,  and  forma,  a form;  having  the  form  of  air. 

Aerostation,  from  dfip,  the  air,  and  ta-rripi,  to  weigh ; primarily  it  denotes 
the  science  of  weights  suspended  in  the  air,  but  in  the  modern 

- ' application  of  the  term,  it  signifies  the  art  of  navigating  the  air. 

Affinity,  from  ad,  to,  and  fnis,  a boundary;  relationship;  the  force  which 
. causes  dissimilar  particles  of  matter  to  combine  together  so  as  to 
form  new  matter. 

Albumen,  -inous,  from  albumen,  the  white  of  an  egg;  an  important  animal 
principle.  The  white  of  an  egg  is  albumen  mixed  with  water. 

Alcohol,  from  a word  of  Arabic  origin;  the  intoxicating  ingredient  of 
spirituous  liquors. 

Alizarine,  from  alizari,  the  Oriental  name  for  madder  roots. 

Alkali,  a soluble  body,  with  a hot  caustic  taste,  which  possesses  the  power 
of  destroying  acidity ; the  teim  is  derived  from  the  Arabic  article 
al,  and  Jcali,  the  Arabic  name  of  a plant,  from  the  ashes  of  which 
one  species  is  obtained. 

Alumina,  the  base  of  alum ; pure  clay. 

Amalgam,  fi'om  Spa,  together,  and  yapea,  to  marry;  a chemical  term, 
signifying  the  union  of  any  metal  with  mercuiy,  which  is  a solvent 
of  various  metals. 

Amidogen,  from  amide,  and  yewaa,  to  generate  ; the  compound  forming  the 
base  of  the  amides  (NHj). 

Amorphous,  from  d,  not,  and  pop(j)fj,  a foim ; not  possessing  regular  form. 

Amygdaltn,  from  amygdala,  an  almond ; a crystalline  principle  contained  in 
almonds. 

Anagram,  from  dva,  and  ypdppa,  a letter;  a conceit  arising  from  the  letters 
of  a word  being  transposed. 

Anai,ogue,  that  which  is  the  countei-part  of  another. 

Analogy,  -ical,  and  -ous,  from  dm,  among,  and  Xdyor,  a relation  or  pro- 
portion; a likeness  or  resemblance  between  things  with  regard  to 
their  circumstances  or  effects. 
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Analysis,  from  dva,  among,  and  Xuw,  to  loosen;  the  separation  of  a whole 
into  parts. 

Angle,  from  cmgulus,  a corner ; the  inclination  of  two  straight  lines  to  each 
other,  which  meet  together,  hut  are  not  in  the  same  straight  line. 

Anhydrous,  from  d,  not,  and  v8icp,  water ; containing  no  water. 

Anion,  from  dvd,  up,  and  ei)at,  to  go ; that  which  goes  up ; a substance 
which,  in  electrolysis,  passes  to  the  Anode. 

Anode,  fi-om  dva,  up,  and  6S6s,  a way ; the  way  which  the  sun  rises ; the 
surface  at  which  the  electricity  passes  into  a body,  supposing  the 
currents  to  move  in  the  apparent  direction  of  the  sun. 

Amomaly,  -LOUS,  from  d,  not,  and  vopos,  a law ; an  irregularity  or  deviation 
fi-om  a law. 

Antagonism,  from  dvrl,  against,  and  dycavi^opai,  to  contend;  opposition  of 
action. 

Antagonist,  one  who  contends  against  another. 

Anti-septic,  fi-om  dvrl,  against,  and  0-17710),  to  putrefy ; possessing  the  power 
of  preventing  putrefaction. 

Approximate,  -ively,  from  ad,  to,  and  proxinms,  nearest ; having  affinity 
with ; bordering  upon. 

Aqua  Regia,  i.  e.  Regal  Water,  a mixture  of  nitric  and  muriatic  acids; 

so  called  from  its  property  of  dissolving  gold,  held  by  the  alche- 
mists to  be  the  hing  of  the  metals. 

Aqueo,  from  aqua,  water;  when  prefixed  to  a word,  denotes  that  water 
enters  into  the  composition  of  the  substance  which  it  signifies. 

Arc,  from  arcus,  a bow ; a part  of  a curved  line,  as  of  a cu-cle,  ellipse,  &c. 

Armature,  fi-om  a/rmo,  to  arm ; a piece  of  soft  iron  applied  to  a load-stone 
or  connecting  the  poles  of  a horse-shoe  magnet. 

Astatic  Needle,  from  da-Taros,  just  balanced ; a double  magnetic  needle, 
not  affected  by  the  eai-th’s  magnetism. 

Astronomy,  from  da-rpov,  a star,  and  vopos,  a law  or  i-ule ; the  science,  which 
treats  of  the  heavenly  bodies,  their  motions,  periods,  &c.,  and  the 
causes  on  which  they  depend. 

Atuermanous,  fi-om  u,  not,  and  deppos,  heat;  that,  thi-ough  which  heat 
wiU  not  pass,  is  said  to  be  Athermanous. 

Atmosphere,  -ic,  from  dr/i.6y,  vapom-,  and  <T(f)a'ipa,  a sphere ; the  sphere  of 
air  which  sun-ounds  the  globe. 

Atom,  -ic,  from  d,  not,  and  Ttpvco,  to  cut ; a minute  pai-ticle  not  susceptible 
of  further  division. 

Attraction,  -ive,  from  ad,  to,  and  traho,  to  draw;  the  tendency  wliich 
bodies  have  to  approach  each  other. 

Austral,  from  auster,  the  south ; southern. 

Axis,  in  geometry,  the  straight  line  in  a plane  figm-e,  about  which  it  revolves 
to  produce  or  generate  a solid  : more  generally  the  right  line 
conceived  to  be  drawn  from  the  vertex  of  a figure  to  the  middle  of 
the  base. 

Azote,  from  d,  not,  and  life;  another  name  for  nitrogen,  (which  see;) 
it  is  so  called  because  it  will  not  support  respiration. 

Barium,  from  ^aphs,  heavy;  a metallic  substance  of  dark  gray  colour, 
hitherto  produced  in  very  small  quantities  from  Baryta. 
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Barometer,  -rical,  from  /Sapor,  weight,  and  fierpov,  a measure  ; an  instni- 
ment  for  measuring  the  varying  weight  of  the  atmosphere. 

Baryta  ; a compound  of  oxygen  and  Barium,  possessing  alkaline  qualities. 

Bibulous,  from  bibo,  to  drink  ; that  which  has  the  quality  of  drinking  in 
moisture. 

Bifurcation,  from  bis,  twice,  and  furca,  a fork  ; a forking  or  division  into 
two  branches. 

Binary,  from  bis,  twice  ; containing  two  units. 

Binaxial,  from  bis,  twice,  and  axis,  an  axis  ; having  two  axes. 

Bitumen,  -inous,  from  bitumen,  pitch ; the  name  given  to  several  inflam- 
mable substances,  which,  though  of  vegetable  origin,  are  found  in 
the  earth,  or  issue  from  the  surface. 

Boreal,  from  boreas,  the  north  ; northern. 

Boron  ; a dark,  olive-coloured  substance  obtained  from  boracic  acid,  in- 
soluble in  water,  and  a non-conductor  of  electricity. 

Bromine,  from  0pS>fj.os,  a strong  odour  ; a liquid  of  a reddish-brown  colour, 
which  possesses  a suffocating  odour  and  pungent  taste. 

C.ETERIS  Paribus  ; all  other  circumstances  being  equal. 

Caloric,  from  color,  heat ; an  imaginary  fluid  substance,  supposed  to  be 
diffused  through  all  bodies,  and  the  sensible  effect  of  which  is  called 
heat. 

Calorific  ; imparting  the  sensation  and  other  effects  of  heat. 

Calorimeter,  from  color,  heat,  and  perpov,  a measure ; an  instrument  for 
measuring  caloric. 

Calotype,  from  KaXot,  beautiful,  and  tvttos,  an  impression ; a picture  fonned 
by  light  upon  a prepared  paper. 

Capillary,  from  capillus,  a hair  ; resembling  or  having  the  form  of  hairs. 

Capsule,  from  capsula,  a little  chest ; a small  shallow  cup. 

Casein,  from  caseus,  a cheese ; an  organic  principle  of  which  the  curd  of 
milk  is  composed. 

Carbon,  from  carbo,  a coal ; the  chemical  name  for  charcoal. 

Catalysis,  from  koto,  down,  and  \va>,  to  loosen ; an  imaginary  force  which 
is  supposed  to  assist  the  decomposition  of  some  bodies,  and  the 
composition  of  others. 

Cathode,  fi-om  /card,  down,  and  dSdf,  a way;  the  way  which  the  sun 
sets ; the  surface  at  which  electricity  passes  out  of  a body 
supposing  the  current  to  move  in  the  apparent  dfrection  of  the 
sun. 

Cation,  from  /card,  down,  and  elpi,  to  go ; that  which  goes  down ; a 
substance  which  in  electrolysis  passes  to  the  Cathode. 

Caustic,  from  Kaia>,  to  bum  ; possessing  the  power  of  burning. 

Chemistry,  -ical,  from  an  Arabic  word,  signifying  the  knowledge  of  the 
substance  or  constitution  of  bodies ; the  science,  whose  object  it  is 
to  examine  the  constitution  of  bodies. 

Chlorine,  fi-om  gi-een  ; a yellowish-gi-een  coloured  gas,  of  a pungent 

smell,  and  most  injurious  to  respiration. 

Circulation  ; motion  in  a circle. 

Circumference,  -tial,  from  circum,  around,  and  fcro,  to  bear ; the  line 
which  is  the  boundary  of  a circle. 
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CLEAVAGJi,  Plane  of  ; tlie  plane  in  which  crystals  have  a tendency  to 
separate. 

Codeia,  fi-om  KaSeia,  a poppy  head  ; an  alkaline  principle  derived  from  the 
poppy. 

Coercible,  from  eoerceo,  to  restrain ; susceptible  of  restraint. 

Cohesion,  -hive,  from  am,  together,  and  hcereo,  to  stick ; the  relation 
among  the  component  parts  of  a body,  by  which  they  cling 
together. 

Colander,  fi-om  colo,  to  strain  ; a kind  of  strainer. 

Combustion,  from  combttro,  to  burn  ; the  disengagement  of  light  and  heat 
which  accompanies  chemical  combination. 

Complementary,  fi-om  compleo,  to  fill ; that  which  is  capable  of  filling  up^ 
so  as  to  make  the  entire  measure  of  a quantity. 

Concave,  from  cmcams,  hollow ; curved  inwardly  or  hollow. 

Conduction,  from  con,  together,  and  duco,  to  lead.  The  power  of  transmit- 
ting caloric  without  change  in  the  relative  position  of  the  particles 
of  the  conducting  body. 

Cone,  -ical,  and  -ic ; a solid  figure,  having  a circular  base,  and  its  other 
extremity  or  vertex  terminated  by  a point. 

Congelation,  from  con,  together,  and  gelo,  to  freeze  ; the  process  of  fi-eezing. 

Congener,  Latin ; of  the  same  sort. 

Congeries,  from  congeries,  a heap  ; a mass  of  bodies  heaped  up  together. 

Constituent,  from  constituo,  to  put  together ; that,  of  which  any  thing 
consists  or  is  made  up. 

Contact,  from  con,  together,  and  tango,  to  touch  ;•  the  relative  state  of  two 
things,  which  touch  one  another  but  do  not  cut. 

Contraction,  fr'om  con,  together,  and  traho,  to  draw ; the  state  of  being 
drawn  into  a narrow  compass. 

Convergent,  from  con,  together,  and  vcrgo,  to  bend ; tending  to  one  point 
from  various  parts. 

Convection,  fr-om  con,  together,  and  veho,  to  carry ; the  power  in  fluids  of 
transmitting  heat  or  electricity  by  currents. 

Convex,  from  con,  together,  and  veho,  to  carry ; curved  outwardly,  or  pro- 
tuberant. 

Corpuscular,  fi-om  corpus,  a body  ; composed  of,  or  relating  to  atoms. 

Coruscation,  from  corusco,  to  flash  or  shine  ; a flash,  or  quick  vibration  of 
light. 

Creosote,  from  Kpeas,  flesh,  and  o-cofco,  I save ; a principle  derived  from  tar. 

Crucible,  from  crux,  crucis,  a cross ; a little  pot  such  as  goldsmiths  melt 
their  gold  in  ; so  called  from  having  a cross  impressed  upon  it. 

Cryophorus,  from  Kpvos,  cold,  and  (pepa,  to  produce  ; an  instrument  for 
showing  the  relation  between  evaporation  at  low  temperatm’es  and 
the  production  of  cold. 

Crystallography,  from  KpuaraWos,  a crystal,  and  ypa<pu>,  to  describe  ; the 
science  which  treats  of  crystals. 

Crystals,  -line,  fi’om  KpvaraWos,  ice  ; a substance  having  a regulai'  form, 
as  rock  crystal,  which  resembles  ice. 

Crystallization  ; the  formation  of  crystals  during  the  passage  of  certain 
bodies  from  a fluid  to  a solid  form. 

Cube,  -ic  ; a solid  figure  contained  by  six  equal  squares. 
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CvANOQEN,  from  Kvavot,  blue,  and  yfuvda>,  to  produce ; a colourless  gas, 
which  burns  with  a peculiar  purple  flame  ; it  is  the  essential  ingi-e- 
dient  in  the  pigment  called  “ Pnissian  blue.” 

Cyanuret  or  Cyanide  ; the  compounds  of  Cyanogen,  which  are  not  acid. 

Cylinder,  -rical;  a solid  figure  described  by  the  revolution  of  a right- 
angled  parallelogram,  about  one  of  its  sides  which  remains  fixed. 

Decomposition;  the  resolution  of  a compound  body  into  its  component 
parts. 

Decrement,  fi’oni  decresco,  to  grow  less;  the  quantity  by  which  anything 
decreases  or  becomes  less. 

Deduction,  from  de,  down,  and  duco,  to  lead ; the  process  of  reasoning  by 
which  we  infer  particular  from  general  tniths. 

Deflagration,  from  deflagro,  to  burn ; bmming. 

Deflection,  from  de,  from,  and  flecto,  to  bend ; a turning  aside  out  of  the 
straight  way. 

Degree,  fi'om  de,  down,  and  gradus,  a step ; a quantity  in  measurement,  as 
in  geometry,  the  360th  part  of  the  circumference  of  a circle. 

Deliquescence,  from  deliqueo,  to  melt;  a gradual  melting,  caused  by  the 
absorption  of  water  from  the  atmosphere. 

Density,  from  densus,  thick ; vicinity  or  closeness  of  particles. 

Dephlogisticated  ; deprived  of  phlogiston,  the  supposed  principle  of  in- 
flammability. 

Detonation,  from  detono,  to  thunder ; explosion  accompanied  with  noise. 

Dextrine,  from  dexter,  right ; a pidnciple  which  acts  upon  light  so  as  to 
polarize  it  circularly  to  the  right.  , 

Diagram,  from  biaypd<pa>,  to  delineate ; a delineation  or  representation  of 
geometrical  and  other  figures. 

Diameter,  from  5ia,  through,  and  girpov,  a measure ; the  line  which  passes 
through  the  centre  of  a circle,  or  of  any  other  curvilinear  figure. 

Diaphanous,  from  bid,  thi’ough,  and  (f>aiva>,  to  shine ; that  which  allows  a 
passage  to  the  rays  of  light ; but  disperses  them  so  to  prevent 
direct  vision. 

Diaphragm,  from  bid,  division,  and  cfipaa-aa,  to  shut  up;  a separation 
between  two  things. 

Diastase,  from  buarrjgi,  I separate  ; a principle  which  separates  starch  into 
two  parts. 

Diathermanous,  from  bid,  through,  and  6fpgos,  heat;  that  through  which 
heat  will  pass  is  said  to  be  diathermanous. 

Dielectric,  from  Sia,  through,  and  rjXtKrpop,  electricity ; a substance 
through  which  electricity  may  be  transmitted. 

Diffraction,  from  dis,  signifying  division,  and  frango,  to  break ; the  devi- 
ation of  rays  of  light  from  their  straight  course,  when  made  to  pass 
by  the  boundaries  of  an  opaque  body. 

Dilatation,  fr’om  to  bear  apart;  the  act  of  extending  into  gre.ater 

space. 

Dimorphous,  from  8lr,  twice,  and  gop<f>r),  a form ; having  two  forms. 

Disc,  fr'om  discus,  a quoit.;  the  apparent  surface  of  a heavenly  body. 

Disintegration,  from  dis,  meaning  separation,  and  integer,  whole ; an  utter 
separation  of  particles. 
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Dispersion,  -ive,  from  dis,  in  different  directions,  and  to  scatter;  the 

act  of  scattering. 

Disruption,  from  dis,  in  different  directions,  and  rumpo,  to  break ; the  act  of 
tearing  asunder. 

Dissection,  from  disseco,  to  cut  to  pieces ; the  act  of  separating  into  pieces. 

Distillation,  separation  drop  hy  drop ; the  process  by  which  a fluid  is  sepa- 
rated from  another  substance,  hy  first  being  converted  into  vapom*, 
and  afterwards  condensed  drop  hy  drop. 

Divellent,  from  divello,  to  tear  asunder;  that  which  causes  separation. 

Divergent,  from  di,  in  different  directions,  and  vergo,  to  bend ; tending  to 
various  parts  from  one  point. 

Dodecahedron,  from  badeKa,  twelve,  and  edpa,  a base,  or  side  ; a solid  figure 
contamed  hy  twelve  equal  sides. 

Dualism,  from  dualis,  pertaining  to  two ; a constitution  essentially  consisting 
of  two  equal  but  opposite  principles. 

Dynamics,  -ical,  from  bivagts,  power;  that  branch  of  mechanical  science, 
which  treats  of  moving  powers,  and  of  the  action  of  forces  on  solid 
bodies,  when  the  result  of  that  action  is  motion. 

Ebullition,  from  ebuUio,  to  boil ; the  act  of  boiling. 

Educt,  from  e,  out  of,  and  duco,  to  draw ; any  thing  separated  from  another 
with  which  it  previously  existed  in  combination. 

Efflorescence,  from  effloresco,  to  blow  as  a flower ; the  formation  of  small 
crystals  on  the  surfaces  of  bodies,  in  consequence  of  the  abstraction 
of  moisture  from  them  by  the  atmosphere. 

Elain,  &c.,  from  iXaiov,  oil ; the  liquid  principle  of  oils  and  fats. 

Elasticity,  -ic,  from  e\aw<o,  to  push  or  thrust ; the  property  bodies  possess 
of  resuming  their  original  fomi,  when  pressure  is  removed. 

Electricity,  from  ^XtKrpov,  amber ; the  name  of  a power  of  matter,  which 
produces  a vaidety  of  peculiar  phenomena,  the  first  of  which  were 
observed  in  the  mineral  substance  called  amber ; the  laws,  113^)0- 
theses,  and  experiments  by  which  they  ai’e  explained  and  illus- 
trated, constitute  the  science  of  electricity. 

Electrode,  from  rj\eKrpov,  electricity,  and  6b6s,  a way ; the  point  at  which 
an  electric  current  enters  or  quits  the  body  through  which  it 
passes. 

Electrolysis,  -lyte,  &c.,  fi'om  rjXtKTpov,  electricity,  and  Xu«,  to  loosen;  the 
act  of  decomposing  bodies  by  electricity. 

Electro-magnetism  ; magnetism  produced  by  electricity. 

Electrometer  ; an  instrument  for  ascertaining  the  quality  and  quantity  of 
electricity  in  electrified  bodies. 

Electrophorus  ; an  instrument  for  producing  electricity. 

Electroscope;  an  instrument  for  exhibiting  the  attractive  and  repulsive 
agencies  of  electricity. 

Element,  -ary,  from  elementwn,  an  element ; that  which  cannot  be  resolved 
into  two  or  more  parts,  and  contains  but  one  kind  of  ponderable 
matter. 

Ellipse,  from  is,  deficiently,  and  to  leave ; one  of  the  conic  sections 

formed  by  the  intersection  of  a plane  and  a cone,  when  the  plane 
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makes  a less  angle  with  the  base  than  that  formed  by  the  base  and 
the  side  of  the  cone. 

Emanation,  from  e,  out,  and  wMno,  to  flow;  that  which  issues  from  any 
substance  or  body. 

Empirical,  from  eV,  in,  and  treipa,  trial  ; that  which  is  made,  or  is  done,  as 
an  experiment,  independently  of  hypothesis  or  theory. 

Empyrecmatic,  from  eV,  in,  and  irCp,  fire  ; having  the  taste  or  smell  of  burnt 
animal  or  vegetable  substances. 

Endosmose,  fi'om  evbov,  within,  and  dxr^bs,  the  act  of  pushing ; a flowing 
fi'om  the  outside  to  the  inside. 

Epidermis,  from  eVi,  upon,  and  fiep/aa,  the  skin  ; the  exterior  layer  of  the 
skin. 

Equator,  from  cequus,  equal ; a great  circle  of  the  sphere,  equally  distant 
from  the  two  poles  ; when  the  sun  is  in  this  circle,  the  days  and 
nights  are  equal  in  all  parts  of  the  world. 

Equilibrium,  from  cequus,  equal,  and  libra,  a balance ; the  state  of  rest 
produced  by  forces  equally  balancing  one  another. 

Equivalent,  fi-om  cequus,  equal,  and  valeo,  to  be  worth  ; equal  in  value. 

Ethal,  a word  formed  from  the  first  syllables  of  Ether  and  Alcohol ; an 
oily  principle  from  spermaceti. 

Etiolation  ; the  blanching  of  vegetables  by  exclusion  from  light. 

Eudiometer,  from  evdla,  good  weather,  and  fiirpov,  a measure ; an  instru- 
ment for  determining  the  amount  of  oxygen  in  the  air. 

Evaporation,  from  e,  out,  and  vapor,  vapom- ; the  conversion  of  a liquid 
into  vapom’. 

Exosmose,  fi-om  e^to,  without,  and  aa-pos,  the  act  of  pushing;  a flowing 
from  inside  to  the  outside. 

Expansion,  from  expando,  to  open  out ; the  enlargement  or  increase  in  the 
bulk  of  bodies,  which  is  produced  by  heat. 

Experience,  fi-om  experior,  to  attempt,  to  try ; knowledge  gained  by  observ- 
ation. 

Experiment  ; something  done  in  order  to  discover  an  uncertain  or  unknown 
effect. 

Explosion,  fi-om  ex,  out,  and  plaudo,  to  utter  a sound  ; a sudden  expansion 
of  an  elastic  fluid  with  force,  and  a loud  report. 

Extraneous,  from  extra,  without ; foreign  and  contrai-y  to  the  nature  of  a 
thing. 

Felly  ; the  exterior  rim  of  a wheel,  supported  by  the  spokes. 

Fermentation,  from  that  which  is  light  and  puffy:  originally 

applied  to  the  process  by  which  a saccharine  liquid  changes  into 
spirit. 

Ferruginous,  ixomferrum,  iron ; of  iron. 

Filter  ; a strainer. 

Filtration  ; the  process  whereby  liquids  are  strained. 

Flexure,  from  flecto,  to  bend  ; the  act  of  bending ; also  the  bend  or  curve 
of  a line  or  figure. 

Fluorine,  from  fluo,  to  flow;  an  elementary  principle  of  fluor-spai-, 
which  is  so  called  from  its  acting  as  a flux  in  the  working  of 
minerals. 
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Focus,  -CAT,,  from/oms,  a fire-place  ; a point,  in  which  a number  of  rays  of 
light  or  heat  meet  after  being  refracted  or  reflected. 

Formula,  a general  theorem ; it  is  called  Algebraic,  Logarithmic,  &c., 
according  to  the  branch  of  mathematics  to  which  it  relates. 

Formule,  from  formica,  an  ant ; the  radicle  of  formic  acid,  C*  H. 

Friction,  from/nco,  to  rub ; the  rubbing  or  grating  of  the  surfaces  of  bodies 
upon  one  another ; also  the  retarding  force  caused  by  this  rubbing 
of  smfaces  together. 

Galvanism,  from  Professor  Galvani  ; current  electricity  is  sometimes  so 
called. 

Galvanometer  ; an  instrument  for  measuring  galvanism. 

Gas,  -eous  ; a term  first  introduced  by  Van  Helmont  ; a permanent  aeri- 
form fluid. 

Gelatinous,  from  gelo,  to  freeze  ; resembling  jelly. 

Genus,  -eric,  from  genus;  a whole  race  or  kind. 

Geometry,  -ical,  fi-om  y7,  the  earth,  and  fiirpov,  a measure ; the  science 
which  treats  of  the  relative  magnitudes  of  extended  bodies. 

Glycerin,  from  yXvKvs,  sweet ; the  sweet  principle  of  oils. 

Goniometer,  fii-om  ya>via,  an  angle,  and  pirpov,  a measure ; an  instrument 
for  measuring  angles. 

Gravitation,  from  gravis,  heavy ; the  abstract  power  which  di-aws  bodies 
towai’ds  each  other’s  centres. 

Gravity,  fi’om  grams,  heavy ; the  natural  tendency  of  bodies  to  fall  towards 
a centre. 

Gravity,  Specific  ; the  relative  gravity  of  a body,  considered  with  regard 
to  some  other  body,  which  is  assumed  as  a standard  of  comparison. 

Halo,  from  aXo>r,  a crown  ; a luminous  circle,  appearing  occasionally  around 
the  heavenly  bodies  ; but  more  especially  about  the  sun  and  moon. 

Heliographic,  from  ^Xios,  the  sun,  and  ypacf^aj,  to  mite ; delineated  by 
the  sun. 

Helix,  fr’om  tX/o-aco,  to  twist  round  ; a screw,  or  spiral. 

Hemisphere,  from  Tjpiavs,  half,  and  a-c^aipa,  a sphere  ; the  half  of  a sphei’e 
formed  by  a plane  passing  through  the  centre. 

Hermetic  Seal  ; when  the  neck  of  a glass  vessel  or  tube  is  heated  to  the 
melting-point,  and  then  twisted  with  pincers  until  it  be  air-tight, 
the  vessel,  or  tube,  is  said  to  be  hermetically  sealed,  or  to  have 
received  the  seal  of  Hermes,  the  reputed  inventor  of  chemistry. 

Heterogeneous,  from  erepos,  different,  and  yevos,  kind ; different  in  nature 
and  properties. 

Homogeneous,  from  6p6s,  like,  and  yevos,  kind ; alike  in  nature  and  pro- 
perties. 

Horizontal,  from  opl^a,  to  bound,  or  terminate ; parallel  to  the  horizon. 

Humectation,  from  humecto;  to  wet. 

Hydrate,  from  vbap,  water ; any  uncrystaUized  substance  which  contains 
water  in  a fixed  definite  proportion. 

Hydrogen,  from  uStop,  water,  and  yevvaa,  to  produce ; an  inflammable, 
colourless  and  aeriform  fluid  ; the  lightest  of  all  known  substances, 
and  one  of  the  elements  of  water. 
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Hydro  ; when  prefixed  to  the  name  of  a chemical  substance,  denotes  that 
hydrogen  enters  into  the  composition  of  the  substance  which  it 
signifies. 

Hydrometer,  from  v8a>p,  water,  and  perpov,  a measure  ; an  instrument  for 
compai'ing  the  density  and  gravity  of  liquids  with  water. 

Hydrostatics,  from  vScop,  water,  and  oxaror,  poised ; that  branch  of 
Natural  Philosophy  which  treats  of  the  pressure  and  equilibrium 
of  non-elastic  fluids,  and  also  of  the  weight,  pressure,  &c.,  of  solids 
immei'sed  in  them. 

Hygrometer,  from  vypos,  moist,  and  perpov,  a measure  ; an  instrument  for 
ascertaining  accurately  the  quantity  of  moisture  in  the  atmosphere. 

Hy'groscope,  from  uyp6r,  moist,  and  a-Kowe(o,  to  watch;  an  instmment  for 
exhibiting  approximatively  the  moisture  of  the  atmosphere. 

Hyperbola,  from  Inep,  excessively,  and  /3dXXo),  to  place;  one  of  the  conic 
sections  fonned  by  the  intersection  of  a plane  and  a cone,  when  the 
plane  makes  a greater  angle  with  the  base  of  the  cone  than  that 
formed  by  the  base  and  the  side  of  the  cone. 

Hypo,  from  vno,  under;  when  prefixed  to  a word,  denotes  an  inferior 
quantity  of  some  ingredient  which  enters  into  the  composition  of 
the  substance  which  it  signifies. 

Hypothesis,  -tical,  from  vno,  under,  and  Ti6r]pi,  to  place ; a principle  sup- 
posed or  taken  for  granted  in  order  to  prove  a point  in  question. 

Immediately,  from  im,  without,  and  medius,  intervening;  without  the 
intervention  of  a second  cause. 

Impinging,  from  impingo,  to  strike  against;  dashing  against. 

Incandescent,  from  incandesce,  to  grow  white ; white  or  glowing  with  heat. 

Incidence,  from  in,  upon,  and  cado,  to  fall ; the  direction,  in  which  one 
body  falls  on  or  strikes  another ; the  angle,  which  the  moving  body 
makes  with  the  plane  of  the  body  struck,  is  called  the  “angle  of 
Incidence.” 

Increment,  from  incresco,  to  increase;  the  quantity  by  which  anything 
increases  or  becomes  gi'eater. 

Induction,  -ive,  from  in,  to,  and  duco,  to  lead;  the  process  of  reasoning,  by 
which  we  are  led  from  general  to  particular  truths. 

Induction,  Electrical;  the  effect  produced  by  the  tendency  of  an  insulated 
electrified  body  to  excite  an  opposite  electric  state  in  neighbouring 
bodies. 

Inductometer  ; an  instrument  for  measuring  Electrical  Induction. 

Inertia,  from  inertia,  inactivity ; the  disposition  of  matter  to  remain  in  its 
state  of  rest  or  motion. 

Inflammable,  from  in,  and  flamma,  a flame;  capable  of  burning  with  a 
flame. 

Inflection,  from  in,  to,  and  flecto,  to  bend ; the  same  as  Diffraction ; which 
see. 

Insulation,  from  insula,  an  island ; when  a body,  containing  a quantity  of 
free  heat,  or  of  electricity,  is  surrounded  by  non-conductors,  it  is 
said  to  be  insulated. 

Integrant,  from  integer,  whole,  entire ; those  parts  of  a body  which  are  of 
the  same  nature  with  the  whole,  are  called  Integrant. 
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Interstices,  from  interstitium,  a break  or  interval ; the  unoccupied  spaces 
between  the  molecules  of  bodies. 

Iodide;  from  tov,  a violet,  and  eiSoj,  the  form  or  likeness;  a compound  of 
Iodine  which  is  not  used. 

Iodine;  a soft  opaque  substance  of  a bluish-black  colour;  when  heated  it 
gives  off  a violet-coloured  gas. 

Iridescent,  from  Iris,  the  rainbow;  marked  with  the  colours  of  the 
rainbow. 

Isochronous,  from  'la-os,  equal,  and  time ; performed  in  equal  times. 

Isomeric,  from  ‘laos,  equal,  and  jj-kpos,  a part ; substances,  ■which  consist  of 
the  same  ingredients,  in  the  same  proportion,  and  yet  differ  essen- 
tially in  their  properties,  are  called  Isomeric. 

Isomerism;  that  portion  of  Chemical  Science  which  treats  of  Isomeric 
substances. 

JuxTA-PosiTioN,  from  juxta,  near,  and  ^o«o,  to  place;  the  placing  of  one 
thing  close  to  another. 

Lactic  Acid,  from  lac,  milk ; an  acid  produced  in  sour  milk. 

Laminae,  from  lamina,  a thin  plate ; extremely  thin  plates,  of  which  some 
solid  bodies  are  composed. 

Lens,  from  lens,  a bean ; properly  a small  glass  in  the  fonn  of  a bean ; but 
more  generally  it  means  a jjiece  of  glass,  or  other  transparent  sub- 
stance, having  its  two  surfaces  so  formed  that  the  rays  of  light,  in 
passing  through  it,  have  their  direction  changed,  and  are  made  to 
diverge  or  converge,  or  to  become  parallel  after  diverging  or  con- 
verging. 

Levigation,  from  loems,  smooth ; the  ait  of  reducing  to  a light  powder. 

Lignin,  from  lignum,  wood ; the  fibrous  structure  of  vegetable  bodies,  which 
remains  when  all  the  substances  which  are  soluble  have  been  re- 
moved. 

Lignin,  from  lignum,  wood ; an  organic  principle  of  which  the  fibres  of  vege- 
tables are  composed. 

Liquefaction,  from  liquefacio,  to  make  liquid ; the  process  of  converting 
into  a liquid  state. 

Litmus;  a blue  pigment  obtained  fr-om  the  Lichen  roccella;  it  is  a most 
delicate  test  of  acids,  which  turn  it  red. 

Loadstone,  i.  e.  Leadstone;  an  ore  of  iron  having  magnetic  properties. 

Logometric,  from  \6yos,  a proportion,  and  glrpov,  to  measure ; measuring 
proportionate  spaces. 

Magnet,  from  Magnesia,  a town  in  Asia  Minor ; where  the  magnetic  ore  of 
iron  was  found ; ai'tificial  magnets  are  small  bars  of  steel  or  iron, 
Avhicb,  when  placed  at  liberty,  turn  one  end  to  the  north. 

Magnetism  ; the  peculiar  property  possessed  by  certain  ferruginous  bodies, 
whereby,  under  certain  circumstances,  they  attract  and  repel  one 
another  according  to  certain  laws. 

Magneto-Electricity  ; electricity  produced  by  magnetism. 

Malleable,  from  malleus,  a hammer ; that  which  is  capable  of  being  spread 
by  beating. 
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Manufacture,  from  ma?ms,  the  hand,  and  facio,  to  make ; literally,  any- 
thing made  by  the  hand. 

Margarin,  from  fxapyapirt^s,  a pearl ; a name  given  to  a fatty  principle  for  its 
pearly  lustre. 

Mass,  -ive  ; the  quantity  of  matter  in  a body  which  is  in  proportion  to  the 
weight. 

IMathematics,  al,  from  pav6ava>,  to  leam ; the  science  which  treats  of  the 
ratios  of  numbers  and  quantities. 

Maximu Ji,  from  maximus,  greatest ; the  greatest  value  of  a variable  quantity. 

Mechanics,  fr’om  prjxavfj,  a machine  ; the  science  which  treats  of  the  laws 
of  the  rest  and  motion  of  bodies. 

Mediately,  fr’om  intervening ; with  the  intervention  of  a second  cause. 

Meridian,  from  meridies,  mid-day;  the  Terrestrial  meridian  of  a station 
on  the  earth’s  surface,  is  the  great  circle  passing  through  both  the 
poles  of  the  earth,  and  through  the  place. 

Metallurgy,  from  peroXXov,  a metal,  and  i'pyov,  a work  ; the  art  of  working 
metals  and  separating  them  from  their  ores. 

Metaxiorphosis,  from  pera,  ‘trails,’  and  pop^r),  form  ; the  transformation  of 
chemical  compounds. 

Metaphysics,  -ical,  fr-om  fiera,  after,  and  (})vcris,  nature  ; the  science  which 
treats  of  objects  inaccessible  to  the  senses. 

Methule,  from  pe6v,  wine ; a compound  resembling  alcohol  in  its  con- 
stitution. 

Mineralogy  ; the  science  which  treats  of  bodies  not  being  vegetable  or 
animal. 

Minixium,  from  minimus,  least ; the  least  value  of  a variable  quantity. 

Moiree  Metallique,  from  moiree,  a watered  silk ; when  tin  plates  are 
washed  over  with  a xveak  acid,  the  crystalline  texture  of  the  tin 
becomes  apparent,  forming  a crystalline  appearance,  which  has 
been  called  Moiree  Metallique. 

Molecules,  -ar,  a diminutive  from  moles,  a mass ; the  infinitely  small 
material  particles  of  xvhich  bodies  are  conceived  to  be  aggregations. 

Moxientuxi,  from  moveo,  to  move  ; the  product  of  the  numbers  xvhich  repre- 
sent the  quantity  of  matter  and  the  velocity  of  a body,  is  called  its 
momentum,  or  quantity  of  motion. 

Morphia,  from  Morpheus,  the  god  of  sleep ; an  alkaline  principle  derived 
from  the  poppy. 

Mucilaginous  ; resembling  mucilage  or  gum. 

Multiple,  from  multiplico,  to  render  manifold ; a quantity  is  said  to  be  a 
multiple  of  another,  when  it  contains  that  other  quantity  a certain 
number  of  times  without  a remainder. 

Murexid,  from  murex,  a fish  affording  a purple  dye ; a splendid  purple 
compound,  resulting  from  the  decomposition  of  uric  by  nitric  acid. 

Nascent,  from  nascoi',  to  be  bom  ; in  the  moment  of  formation. 

Negative,  from  nego,  to  deny  ; quantities  to  which  the  sign  of  subti’action 
or  negative  sign  is  prefixed,  are  called  negative  quantities ; this 
sign  is  also  used  to  denote  operations  xvhich  are  the  reverse  of  those 
denoted  by  the  positive  sign. 

Nitrogen,  from  vLrpov,  nitre,  and  y(vvdu>,  to  produce ; a colourless  gas, 
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devoid  of  taste  or  smell ; it  is  one  of  the  constituents  of  the 
atmosphere. 

Nodes,  -ae,  from  nodus,  a knot ; in  the  doctrine  of  curves,  a node  is  a small 
oval  figure  made  by  the  intersection  of  one  branch  of  a curve  with 
another. 

Nokmal,  from  norma,  a rule ; according  to  rule. 

Nucleus,  from  nucleus,  a kernel ; the  central  parts  of  a body  which  are 
supposed  to  be  firmer,  and  separated  from  the  other  parts,  as  the 
kernel  of  a nut  is  from  the  shell ; also,  the  point  about  which 
matter  is  collected. 

Oblate,  from  oh,  in  front  of,  and  latus,  broad  ; flattened,  or  shortened. 

Oblong,  from  oh,  in  front  of,  and  longus,  long ; gi'eater  in  length  than  in 
breadth. 

Octohedron,  -al,  from  oktm,  eight,  and  eSpa,  a side  ; a solid  figure  contained 
by  eight  eq[ual  and  equilateral  triangles. 

Olefiant  Gas,  from  oleum,  oil,  and  fio,  to  become ; a colourless,  tasteless 
gas,  which  derives  its  name  from  its  property  of  fonning  an  oil- 
like liquid  with  chlorine. 

Optics,  from  onrogai,  to  see ; that  branch  of  Natural  Philosophy  which 
treats  of  vision,  and  of  the  nature  and  properties  of  light,  and  of 
the  various  changes  it  undergoes. 

Orbicular,  from  orhis,  a globe,  having  a globular  form. 

Organic  Matter,  from  Spyavov,  an  organ  ; when  matter  possesses  organs,  or 
organized  parts  for  sustaining  living  action,  as  animals  and  plants, 
it  is  called  organic. 

Organization  ; construction  in  which  the  parts  are  so  disposed  as  to  be 
subservient  to  each  other. 

Oscii.LATiON,  from  oscillor,  to  swing  ; the  vibration,  or  reciprocal  ascent  and 
descent  of  a pendulum. 

Oxide  ; a combination  with  oxygen,  not  being  acid. 

OxiDiZABLE  ; capable  of  being  converted  into  an  oxide. 

Oxygen,  from  6^vs,  acid,  and  yevvdco,  to  produce ; a colourless,  aeriform 
fluid,  which  was  foimerly  supposed  to  be  the  universal  acidifying 
principle. 

Para,  firom  napa,  parallel  to  ; when  prefixed  to  a substance  indicates  similar 
constitution. 

Parabola,  from  napd,  parallel  to,  and  jSdXXo),  to  place ; one  of  the  conic 
sections,  formed  by  the  intersection  of  a plane  and  a cone,  when 
the  plane  passes  parallel  to  the  side  of  the  cone. 

Paraffin,  from  parum  affinis,  little  related ; a principle  derived  from  tar, 
and  little  acted  upon  by  chemical  agents. 

Parallel;  a term  applied  in  geometry  to  lines  and  planes,  which  are 
everywhere  equidistant  from  one  another ; straight  lines,  which, 
if  infinitely  produced,  never  meet,  are  called  parallel  straight  lines. 

Parallelogram  ; a four-sided  figure,  of  which  the  opposite  sides  are  parallel 
and  equal. 

Parallelopipedon  ; a solid  figure  contained  by  six  parallelograms,  the 
opposite  sides  of  which  are  equal  and  pai'allel. 
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Pectin,  from  coagulation  ; vegetable  jelly. 

Pellicle,  a diminutive  from  pelUs,  a skin  or  crust ; a thin  crust  formed  on 
the  surface  of  a solution  by  evaporization. 

Pendulum,  from  pendeo,  to  hang  ; a heavy  body  so  suspended,  that  it  may 
vibrate  or  swing  backwards  and  forwards  about  some  fixed  point, 
by  the  action  of  gravity. 

Percolate,  from  per,  through,  and  colo,  to  strain  ; to  strain  through. 

Permeate,  irompermeo,  to  pass  through  ; to  penetrate. 

Perpendicular  ; the  straight  line,  which,  standing  upon  another  straight 
line,  makes  the  adjacent  angles  equal  and  consequently  right  angles, 
is  said  to  be  perpendicular  to  the  line  upon  which  it  stands. 

Phenomenon,  from  (^alvopai,  to  appear  ; an  appearance. 

Philosophy,  -ical,  from  <^iXeoj,  to  love,  and  <ro(j)la,  wisdom ; the  study  or 
knowledge  of  nature,  or  morality,  founded  on  reason  and  experience, 
the  word  originally  implying  “ A love  of  wisdom.” 

Phlogiston,  from  <^Xey<a,  to  burn  ; a name  given  by  the  older  chemists  to 
an  imaginary  substance,  which  was  considered  as  the  principle  of 
Inflammability. 

Phosgene,  from  light,  and  yevvda>,  to  produce ; produced  by  light. 

Phosphorus,  from  light,  and  (pepa,  to  produce  ; a highly  inflammable 
substance,  obtained  from  calcined  bones,  which  emits  light  when 
placed  in  the  dark. 

Photograph,  from  pas,  light,  and  ■ypapco,  I write ; a picture  formed  by  light. 

Photometer,  from  pas,  light,  and  ptrpov,  a measure ; an  instrument  for 
measuring  the  different  intensities  of  light. 

Physics,  -ical,  from  pvcris,  nature  ; the  science  of  natural  bodies,  their  phe- 
nomena, causes,  and  effects,  with  their  affections,  motions,  and  ope- 
rations. 

Physiology,  -ical,  from  pia-is,  nature,  and  Xdyos,  an  account ; the  science 
which  treats  of  the  structure  of  living  beings. 

PiPERiN,  fr’om  piper,  pepper ; a crystalline  principle  contained  in  pepper. 

Plummet,  from  plumbum,  lead  ; a weight  suspended  from  a string  to  mark 
the  direction  of  gravity  on  a perpendicular  to  the  earth. 

Pneumatics,  from  wvevpa,  air ; that  branch  of  Natural  Philosophy,  which 
treats  of  the  weight,  pressure,  and  elasticity  of  aerifonn  fluids. 

Polarity  ; the  opposition  of  two  equal  forces  in  bodies,  similar  to  that 
which  confers  the  tendency  of  magnetized  bodies  to  point  to  the 
magnetic  poles. 

Polarization  ; the  communication  of  the  above  opposition  of  forces. 

Polarized  Light  ; light,  which,  by  reflection  or  refraction  at  a certain 
angle,  or  by  refraction  in  certain  crystals,  has  acquired  the  property 
of  exhibiting  opposite  effects  in  planes  at  right  angles  to  each  other, 
is  said  to  be  polarized. 

Poles  ; the  extremities  of  the  axis  about  which  a body  revolves. 

Poles  of  a Magnet  ; points  in  a magnet,  where  the  intensity  of  the  mag- 
netic force  is  a maximum ; one  of  these  attracts,  and  another 
repels  the  same  pole  of  another  magnet. 

Pores,  from  nopos,  a passage  ; the  small  interstices  between  the  solid  par- 
ticles of  bodies. 

Positive,  from  positivus;  quantities  to  which  the  sign  of  addition,  or  posi- 
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tive  sign,  is  prefixed,  ai’e  called  positive  quantities.  The  sign  and 
word  are  also  used  to  denote  actions  or  operations  which  are  the 
reverse  of  those  denoted  by  the  negative  sign. 

Precipitation,  from  prcecipito,  to  fall  suddenly  ; the  separation  of  a solid 
from  a liquid. 

Prism;  a triangular  glass  solid  used  for  the  separation  of  rays  of  light 
by  refraction. 

Product,  fr-om  pro,  forth,  and  duco,  to  draw ; anything  formed  from  the 
elements  of  another  by  an  operation. 

Progression,  fr-om  pro,  forwards,  and  gradior,  to  step  ; a series  of  quantities 
advancing  in  the  same  manner  or  according  to  the  same  law  ; in  an 
arithmetic  progression,  they  increase  or  decrease  by  a common 
difference  ; in  a geometric  by  a common  ratio. 

Projectile,  fr-om  pro,  forwards,  and  jacio,  to  throw ; a heavy  body  pro- 
jected, or  cast  forwards  into  space,  by  any  external  force. 

Proportion  ; the  relation  of  equality  subsisting  between  two  ratios. 

Protractor,  from  pro,  forwards,  and  traho,  to  draw ; an  instrument  for 
protracting  or  laying  down  on  paper  the  angles  of  a figure. 

Pyrometer,  fr-om  nvp,  fire,  and  ptrpov,  a measure  ; an  insti-ument  for  mea- 
suring higher  degi-ees  of  temperature  tlian  can  be  ascertained  by  a 
thermometer. 

Pyroxylic  Spirit,  from  ttv/s,  fire,  and  o^vs,  acid ; a colourless  transparent 
spu-it  obtained  by  the  destructive  distillation  of  wood. 

Pyro  ; when  prefixed  to  a word  denotes  that  the  substance  which  it  signifies 
has  been  formed  at  a high  temperature. 

Quadrant  ; the  fourth  part  of  the  circumference  of  a circle. 

Qualitative  ; regarding  the  properties  of  a body  without  reference  to 
quantity. 

Quantitative  ; regarding  quantities. 

Radiation,  from  radius,  a ray  ; the  shooting  forth  in  all  directions  fr-om  a 
centre. 

Radicle,  from  radix,  a root ; the  equivalent  to  an  element  in  a compound. 

Radius  ; the  straight  line  drawn  from  the  centre  to  the  circumference  of  a 
circle. 

Rarefaction,  fr-om  ranis,  rai-e,  and  facio,  to  make ; the  act  of  causing  a 
substance  to  become  less  dense ; it  also  denominates  the  state  of 
this  lessened  density. 

Ratio  ; the  relation  which  subsists  between  two  quantities  of  the  same  kind, 
the  comparison  being  made  by  considering  what  multiple  part  or 
parts  one  of  them  is  of  the  other. 

Ray  ; a beam  of  light  pi-opagated  fr-om  a radiant  point. 

Reaction  ; the  reciprocation  of  any  impulse,  or  force  impressed,  made  by 
the  body  on  which  such  impression  is  made.  Reaction  is  always 
equal  to  action. 

Recondite,  from  recondo,  to  hide  ; hidden  or  concealed. 

Rectangle,  from  rectus,  right,  and  anguhis,  an  angle ; a four-sided  plane 
figure,  in  which  all  the  angles  are  right  angles,  and  its  opposite 
sides  equal  and  parallel. 
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Rectification  ; the  process  of  drawing  anything  off  by  distillation,  in  order 
to  make  it  more  pure  and  refined. 

Rectilinear  ; consisting  of,  or  bounded  by  straight  lines. 

Reflection,  from  re,  back,  and  flecto,  to  bend  ; the  act  of  bending  back  ; 

when  raj'^s  of  light  fall  on  the  surfaces  of  bodies,  part  of  them  are 
thrown  back  or  reflected. 

Refraction,  from  re,  back,  and  frango,  to  break  ; the  deviation  of  rays  of 
light  from  their  direct  course,  when  passing  through  media  of 
different  densities. 

Refrangible  ; susceptible  of  refraction. 

Refrigeration,  from  re,  again,  and  frigus,  cold  ; the  act  of  cooling. 

Repulsion,  from  re,  back,  and  pello,  to  drive ; that  property  in  certain 
bodies,  ■whereby  they  mutually  tend  to  recede  and  fly  off  from 
each  other. 

Retort,  from  re,  back,  and  torqueo,  to  twist ; a vessel  with  a bent  neck, 
which  is  made  use  of  in  chemical  operations. 

Rhombus  ; a solid  figure,  which  has  all  its  sides  equal,  but  its  angles  are  not 
right  angles. 

Rhombohedron  ; a solid  figure,  whose  sides  are  composed  of  rhombi. 

Rhomboid  ; a figure,  which  has  its  opposite  sides  equal,  but  all  its  angles 
are  not  equal,  neither  are  all  its  angles  right  angles. 

Salicin,  fi’om  salix,  a willow ; a crystallizable  principle  contained  in  willow 
bark. 

Salifiable  Bases,  from  sal,  salt,  and flo,  to  become;  bodies  capable  of  com- 
bining with  acids  to  form  salts. 

Sapid,  from  sapio,  to  taste  of;  possessing  the  power  of  exciting  the  organs  of 
taste. 

Saturation,  -ated,  from  satur,  full ; the  solution  of  one  body  in  another, 
until  the  receiving  body  can  contain  no  more. 

Scale,  from  scala,  a ladder ; an  instrament,  in  which  a line  is  divided  into 
small  and  equal  parts,  and  which  is  applied  for  the  purpose  of 
ascertaining  the  relative  dimensions  of  other  lengths  not  so  divided. 

Section,  from  seeo,  to  cut;  a cutting,  or  part  separated  from  the  whole. 

Segment  of  a Circle  ; any  portion  cut  off  by  a straight  line. 

Selenium,  from  creXqvr),  the  moon ; an  inflammable  solid  body,  of  a reddish- 
brown  colour ; it  is  tasteless,  and  possesses  metallic  lustre. 

Sine  ; the  straight  line,  drawn  from  one  extremity  of  an  arc,  perpendicular 
to  the  radius,  which  passes  tlu'ough  the  other  extremity. 

Solution,  from  solve,  to  loosen;  in  chemical  language,  any  fluid,  which 
contains  another  substance  dissolved  in,  and  intimately  mixed 
with  it. 

Solvent  ; any  substance  which  will  dissolve  another. 

Specific,  from  species,  a particular  sort  or  kind ; that  which  denominates 
any  property  which  is  not  general,  but  is  confined  to  an  individual 
or  species. 

Spectrum  ; the  coloured  image  formed  on  a white  surface  by  rays  of  light 
passing  through  a hole,  and  being  refracted  by  a glass  prism. 

Sphere  ; the  solid  figure  formed  by  the  rotation  of  a semicircle  about  its 
diameter. 
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Spheroid,  -al  ; a solid  figure,  foi*med  by  the  revolution  of  an  ellipse  about 
one  of  its  axes;  hence  it  is  sometimes  called  an  ellipsoid;  the 
spheroid  will  be  oblate  or  prolate,  according  as  the  revolution  is 
performed  about  the  minor  or  major  axis  of  the  ellipse. 

Statics,  -ical,  from  o-raroy,  poised;  that  branch  of  mechanical  science 
which  treats  of  the  equilibrium,  pressure,  weight,  &c.,  of  solid 
bodies  when  at  rest. 

Stearin,  &c.,  from  areap,  tallow ; the  solid  principle  of  oils  and  fats. 

Stratum,  from  sterno,  to  strew ; a layer. 

Symmetry,  -ical,  from  avv,  together,  and  fifrpov,  a measure ; confonnity  of 
measure. 

Synthesis,  from  <rvv,  together,  and  ridripi,  to  place ; the  composition  of  a 
whole  from  its  parts ; in  mathematics,  the  process  of  reasoning  out 
new  principles  from  those  already  established. 

Sublimation,  from  sublimis,  liigh ; the  act  of  raising  into  vapour  by  means 
of  heat  and  condensing  in  the  upper  part  of  a vessel. 

Sulphuret  ; a combination  of  a metal  with  sulphur. 

Synchronous,  from  aiiv,  together,  and  j performed  in  the  same 

time. 

Tactile,  from  tanffo,  to  touch ; of,  or  relating  to,  touch. 

Tangent,  -ial;  the  line,  which  touches  a circle  or  any  other  curve,  but 
does  not  cut  it. 

Tentative,  from  tento,  to  try ; experimental. 

Ternary,  from  ter,  thrice  ; containing  three  units. 

Tetrahedron,  from  Tiaa-aptt,  four,  and  eSpa,  a base,  or  side;  a solid  figure 
contained  by  four  equal  and  equilateral  triangles. 

Theory,  -etical,  from  decopia,  a view ; a collected  view  of  all  that  is  known 
on  any  subject  into  one. 

Thermo-electricity  ; electricity  produced  by  heat. 

Thermometer,  from  Oippos,  heat,  and  pirpov,  a measure ; an  instrument  for 
measuring  the  degrees  of  heat. 

Thermoscope,  from  Bsppos,  heat,  and  a-Konett),  to  view ; an  instrument  for 
exhibiting  the  powers  of  heat. 

Tire  ; a hoop  of  iron,  used  to  receive  the  felly  of  a wheel. 

Torsion,  Force  of,  fr’om  torqweo,  to  twist;  a term  applied  by  Coulomb  to 
denote  the  effort  made  by  a thread,  which  has  been  twisted,  to 
untwist  itself. 

Transparent  ; a term  to  denote  the  quality  of  a substance  which  not  only 
admits  the  passage  of  light,  but  also  of  the  vision  of  external 
objects. 

Triturated,  from  trituro,  to  thresh ; reduced  to  powder. 

Truncation,  from  truncus,  cut  short;  the  cutting  off  a portion  of  a solid,  as 
of  the  solid  angle  of  a crystal. 

Ule;  this  termination  is  given  to  indicate  that  the  compound  entem  into 
combination  as  the  radicle  of  a series:  c.  g.  benzule,  salicule, 
ethule,  &c. 

Undulation,  from  xinda,  a wave  ; a formation  of  waves. 

Uniaxal,  from  unus,  one,  and  axis,  an  axis;  having  but  one  axis. 
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Vacuum,  fi-oni  vacuus,  empty;  a space  empty  and  devoid  of  all  matter, 

V ENTiLATioN,  from  vetitus,  wind  ; the  supply  of  fresh  air. 

Vernier  ; an  instrament  invented  by  Vernier  ; it  consists  of  a small  movable 
scale,  running  parallel  to  the  fixed  scale  of  a quadrant,  or  other 
instrument,  and  having  the  effect  of  subdividing  the  divisions  of 
the  instrument  into  more  minute  parts. 

V EsicuLAR,  from  vesicula,  a little  bladder ; of  a stnicture  resembling  that  of 
little  bladders. 

Vibration,  from  vihro,  to  brandish;  the  regular  reciprocating  motion  of  a 
body,  as  of  a pendulum,  &c, ; a motion  to  and  fro. 

Volume,  from  volumen,  a roll;  the  apparent  space  occupied  by  a body, 

VoLTATYPE,  fi'om  the  eminent  philosopher  Volta,  and  tvttos,  an  impression  ; 
a metallic  cast  formed  by  the  voltaic  batteiy. 

W eight  ; the  pressure  which  a body  exerts  vertically  downwards,  in  conse- 
quence of  the  action  of  gravity. 

Zero;  the  numeral  0,  which  fills  the  blank  between  the  ascending  and 
descending  numbers  in  a series. 
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Observation. — The  arrangement  of  the  following  Index  is  alphabetical,  except  when 
tlie  details  of  the  subjects  are  too  intimately  connected  to  sud'er  this  artificial  separa- 
tion, in  which  cases  the  references  are  made  in  the  order  in  which  the  facts  of  the 
several  subjects  are  developed  by  the  author  throughout  the  body  of  the  work. 
Under  the  term  “Electricity,”  for  instance,  will  be  found  the  natural  analysis  of  the 
science,  while  under  the  word  “ Electrical,”  the  same  facts  are  more  conveniently 
exliibited  in  alphabetical  sequence. 


Absorptiok  of  gases,  66 

heat,  211,  217 

by  liquefaction,  135 

liglit,  184  et  seq. 

with  retention  of  light,  460 

Abstract  science  defined,  2 
Acacia  arabica,  gum  of,  615 
Acetate  of  ethule,  650 

inethule,  655 

potassa,  360 

zinc,  crystalline  character  of,  97 

Acetic  acid,  congealing  point  of,  137 

process  of  manufacturing  it 

in  Germany,  443,  652 
sources,  properties  and  for- 
mula, 622 

hydrated,  626 

method  of  manufacturing  the 

pimest,  654 

under  a red  heat,  653 

Acetic  ether,  preparation,  properties 
and  formula  of,  650 
Acetic  fermentation,  651 
Acetone,  053 
Acetous  acid,  653 
Acetule,  hydrated  oxide  of,  652 
Achromatic  lenses,  principle  of,  182 
Acid,  acetic,  622,  626 

acetous,  653 

aconitic,  626 

aenanthic,  618 

senanthylic,  618 

allantoic,  625,  664 

alloxanic,  663 

amygdalic,  666 

aqueo-nitric,  336 

aqueo-sulphuric,  397 

arsenic,  428, 438 

arsenious,  428 

arseniovinic,  649 

azelaic,  618 


Acid,  benzoic,  624,  626 

boracic,  4 1 7 

bromic,  387 

bromo-saliculic,  669 

butyric,  618 

butyroleic,  618 

capric,  618 

caproic,  618 

carbonic,  316 

chloric,  379 

chloro-saliculic,  669 

chlorous,  380 

cinchonic.  626 

citraconic,  626 

citric,  626 

cocostearic,  618 

comenic,  626 

cyanic,  369 

cyanoxalic,  662 

cyanuric,  370 

elaic,  617 

elaidic,  618 

ellagic,  626 

ethalic,  618 

ferridcyanic,  659 

ferrocyanic,  658 

fluosilicic,  416 

formic,  625 

fulminic,  370 

fumaric,  626 

gallic,  626 

glacial  phosphoric,  408 

hydriodic,  389 

hydro-bromic,  386 

hydro-chloric,  374 

hydro-cyanic,  368 

hydro-fluoric  acid,  393 

hydro-saliculic,  669 

hydro-selenic,  404 

hydro-sulphocyanic,  661 

hydro-sulphuric,  394 
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Acid,  hypo-chlorous,  378 

hypo-nitrous,  338 

hypo-phosphorous,  407 

hypo-sulphuric,  400 

hypo-sulphurous,  399 

iodic,  390 

iodous,  390 

itaconic,  626 

kinic,  626 

lactic,  624,  626 

lampic,  451 

malsBic,  626 

malic,  626 

manganic,  428 

margaric,  617,  618 

meconic,  626 

meta-gallic,  626 

meta-phosphoric,  409 

muriatic,  374 

nitric,  336 

nitrous,  335 

oleic,  618 

oxalic,  626 

palmitic,  618 

para-tartaric,  623 

per-chloric,  381 

phoceuic,  618 

phosphoric,  408 

phosphorous,  406 

phosphovinic,  649 

pimeUc,  618 

pinic,  635 

prussic,  368 

purpuric,  664 

pyro-gallic,  626 

pyro-meconic,  626 

■ pyro-phosphoric,  410 

pyi'O-racemic,  626 

pyro-tartaric,  626 

racemic,  623,  626 

saliculic,  669 

sebacic,  618 

selenic,  402 

selenious,  402 

sericic,  618 

stearic,  616,  618 

suberic,  618 

sulphomethylic,  655 

sulphovinic,  648 

sulphuretted  hypo-sulphurous,  400 

sulphuric,  397 

sulphm-ous,  396 

sylvic,  635 

tannic,  626 

tartaric,  622,  626 

tartralic,  623,  626 

tartrelic,  623,  626 

telluric,  433 

uric,  624,  626,  662 

valeriauiC]  626 


Acids,  characters  of,  313 

nomenclature  of,  337  el  seq. 

isomeric,  309 

insulated  by  water,  371 

relation  of  hydrogen  to,  433 

constitution  of  inorganic,  438 

passage  of,  in  the  voltaic  current, 

531 

hydrates  of  fatty,  618 

organic,  621  el  seq. 

Aconitic  acid,  hydrated,  626 
Acoustics,  science  of,  43 
Action  and  reaction  of  matter,  10 

of  electricity,  250 

Acute  rhombohedron,  formed  of  sphe- 
rical particles,  93 

Adhesion,  produced  by  moisture,  51 

heterogeneous,  58  et  seq. 

of  gases,  64 

of  some  gases  with  water,  71 

influence  of,  upon  affinity,  441 

Adhesive  attraction,  59 
jEnanthic  acid,  som-ce  and  formula,  6 1 8 
-Enantliylic  acid,  source  and  formula, 
618 

jEpixus,  hypothesis  of  magnetism  by, 
305 

Aeration  of  water,  68 
Aerial  currents,  127  et  seq. 

compensating,  157 

Aerial  fluids,  lands  of,  160 
Aerial  vapour,  circulation  of,  158 
Aerifonn  atoms,  collision  of,  8 

repulsion  of,  1 8 

Aeriform  bodies,  elasticity  of,  30 

restraint  of  the  atmosphere 

upon  the  elasticity  of,  51 

classes  of,  56 

adhesion  of,  to  solids,  65 

adhesion  of,  to  liquids,  67 

mixture  of,  73 

\ expansion  of,  by  heat,  103 

law  of  their  expansion  by 

heat,  119 

power  of  conducting  heat  by, 

123 

convection  of  heat  by,  126 

latent  heat  in,  138 

electrical  polai-ization  of,  245 

specific  electric  inductive  ca- 
pacity of,  265 

in  relation  to  electrical  induc- 
tion, 273  et  seq 

Affinities,  concun-ing,  445,  495 

opposing,  492 

Affinity,  the  force  of,  19 

force  of  chemical,  306 

elective,  308 

interferences  with  the  action  of, 

440 
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A ffinity,  influeuce  of  cohesion  upon,  440 

relation  of  water  to,  441 

influence  of  adhesion  upon,  441 

influence  of  motion  on,  444 

influence  of  elasticity  on,  446 

influence  of  heat  upon,  450 

influence  of  radiant  heat  and  light 

on,  452 

curreut,  462,  et  seq. 

instances  of  local,  462 

opposing,  473,  et  seq. 

assisting,  474,  et  seq. 

conditions  of  the  circulation  of,  477 

contrai-y  force  of,  509 

circulating,  516 

Air,  see  Atmosphere 

expelled  from  water  by  boiling,  8 

expansion  of,  by  heat,  1 8 

unequal  buoyancy  of,  29 

discovery  of  the  weight  of,  30 

elasticity  of,  30 

upward  decantation  of,  37 

gauges  for  measuring  the  rare- 
faction of,  39,  tiote 

in  relation  to  sound,  43 

adhesion  of,  to  glass,  65 

solution  of,  in  water,  68 

velocity  of,  rushing  into  a vacuum, 

76 

measurement  of,  104 

law  of  its  expansion  by  heat,  119 

conduction  of  heat  by,  123 

convection  of  heat  by,  126 

currents  of,  127 

ascension  of,  by  heat,  127 

specific  heat  of^  133 

eflfect  of  rarefaction  upon  the  tem- 
perature of,  134 

heat  disengaged  by  the  compres- 
sion of,  134 

saturation  of,  with  moisture,  154 

^liquefaction  of,  163 

reflection  of  light  by,  174 

refraction  of  light  by,  177 

power  of  reflecting  light  in  rela- 
tion to  its  thickness,  191 

electrical  induction,  245 

specific  inductive  capacity  of,  265 

specific  insulating  power  over 

electricity,  274 

chemical  nature  of,  308,  et  seq. 

combustion  in,  309 

Air-jar,  description  of,  33, 7wte 
Air-pump,  description  of,  32  and  note 
cold  produced  during  the  ex- 
haustion of,  134 

boiling  of  water  in  the,  139 

freezing  of  water  in,  140 

boiling  of  ether  in,  140 


Air-pump,  freezing  of  mercury  in,  140 
Air-thermometer  of  Sanctorio,  \0A,nole 

of  Leslie,  105 

Albumen,  source  and  jiroperties,  619 

vegetable,  619 

ultimate  analysis  of,  620 

of  serum,  formula  of,  621 

of  eggs,  formula  of,  621 

Alcohol,  compressibility  of,  55 

specific  heat  of,  133 

boiling  point  of,  144 

expansion  of,  during  vaporization, 

147 

volume  of  the  vapour  of,  164 

refraction  of  light  by,  178 

by  the  vapour  of,  178 

formation  of,  643 

means  of  separating  water  from, 

644 

products  of  the  combustion  of,  644 

etherization  of,  646 

products  of  heating  it  with  sul- 
phuric acid,  646 

the  radicle  hydro-carbon  of,  647 

acetous  fermentation  in,  651 

oxygenation  of,  651 

Alcoholic  vapour,  latent  heat  of,  145 
Aldehyd,  formation,  properties,  and 
formula,  652 

Alimentary  principles,  612  et  seq. 
Alizarin,  or  madder  red,  638 
Adkalies,  characters  of,  313 

vegetable,  627 

Allantoic  acid,  source,  properties  and 
formula  of,  625 

manufacture  of,  664 

Allantoin,  665 
Alloxan,  662 
Alloxanate  of  baryta,  663 
Alloxanic  acid,  663 
Alloxantin,  662  et  seq. 

Alloy  of  lead,  tin,  and  bismuth,  136 

sodium  and  potassium,  138 

silver  and  platinum,  445 

zinc,  copper,  and  nickel,  445 

Alloys,  427  et  seq. 

Almond  oil,  refraction  of  light  by,  178 
Almonds,  oil  of  sweet,  617 

neutral  principle  from,  632 

oil  from  the  kernels  of  bitter,  634 

constituents  of  the  kernel  of,  666 

Alum,  form  of  crystal  of,  78 
dissection  of,  by  means  of  solu- 
tion, 86 

crystalline  character  of,  97 

diathermancy  of,  220,  222 

nature  of  the  heat  transmitted 

through,  223 
isomorphism  of,  688 
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Alumina,  characters  of,  441 
Aluminum,  symbol  and  equivalent  of, 
426 

atomic  weight  determined  by 

isomorphism,  690 
Amalgam,  electrical,  240 
of  mercury  with  muriate  of  am- 
monia, 480 

Amber,  electricity  of,  14 
Amethyst,  crystalliue  characters  of,  97 
Amides,  67 1 

Amidide  of  potassium,  672 
Amidogen,  671 

hypothesis  of,  672 

Ammonia,  liquefaction  of,  163 

refraction  of  light  by,  178 

production  of,  339 

properties  of,  340 

decomposition  of,  by  the  electric 

spark,  340 

mixture  of,  with  oxygen,  340 

synthetical  constitution  by  weight, 

341 

condensation  of,  341 

solution  ill  water,  341 

composition  of,  by  volume,  341 

note 

equivalent  of,  on  the  hydrogen 

scale,  350 

compound  with  hydro-cyanic  acid, 

368 

action  of  chlorine  on  the  salts  of, 

381 

action  of,  on  the  metallic  oxides, 

429 

constitution  of  the  oxysalts  of,  435 

sulphate  of,  435 

action  of  spongy  platinum  on,  442 

■ equivocal  jiroduct  of,  480 

purpurate  of,  664 

oxalate  of,  670 

new  hypothesis  of  its  constitution, 

672 

Ammoniacal  gases,  di.«tillation  of  an 
aqueous  solution  of,  71 

absorption  of,  by  water,  7 1 

Ammoniacal  vapours,  condensation  of, 

71 

latent  heat  of,  145 

Amnionio-chloride  of  platinum,  610 
citrate  of  iron,  use  of  in  photo- 
graphy, 459 

Ammonium,  the  hypothetical  metal, 
480 

constitution  of,  481 

oxysulphion  of,  535 

Ammoniurets,  429 

Ampere,  M.,  on  the  mutual  action 
of  electrical  cuiTents,  570 


Ampere,  M,  hypothesis  on  the  con- 
stitution of  magnets,  by,  57 1 
electro-magnetic  cylinder  of, 

572 

hypothesis  of  magnetism  by, 

573 

Amygdalic  acid,  666 

Amygdalin,  source  and  formula  of,  632 

means  of  obtaining,  665 

properties  and  formula,  666 

action  of  alkalies  on,  666 

action  of  emulsin  on,  667 

Analogies  between  light  and  sound,  169 
Analogy,  use  of,  in  science,  5 
Analysis  of  light,  180 

chemical,  314 

ultimate  organic,  606 

Anatase,  crystalline  character  of,  97 
Anhydrous  sulphuric  acid,  397 
Animal  electricity,  595  et  seq. 

force,  1 1 

jelly,  621 

light,  460 

respiration,  action  of,  upon  atmo- 
spheric ail’,  3 1 8 

Animals,  symmetry  of  the  bodies  of,  95 
electric,  595 

hypothesis  of  current  afiSnity  in, 

603 

Anions,  definition  of,  527 
Anise,  oil  of,  634 

Annihilation,  ignorant  idea  of  material, 
313 

Anode,  definition  of,  527 
Antimony,  specific  heat  of,  133 

symbol,  equivalent  and  physical 

properties  of,  426 

liydruret  of,  431 

Ants,  acid  from,  625 
Apatite,  hardness  of,  53 
Apjohn,  Dr.,  his  formula  for  the  elas- 
ticity of  vapour  at  the  dew-point, 
' 155 

Aqua-fortis,  discovery  of,  329 

see  Niti’ic  acid 

Aqueo-acids,  confirmation  of  the  bi- 
nary theory  of,  534 
Aqueo-nitric  acid,  properties  of,  336 

radicle  of,  435 

electrolytic  name  of,  539 

Aqueo-sulphuric  acid,  manufacture  of, 
397 

composition  of,  398 

radicle  of,  435 

Aqueous  vapour,  adhesion  of,  to  glass, 
65 

absorption  of,  by  chai’coal,  66 

conduction  of  heat  by,  124 

specific  heat  of,  133 
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Aqueous  vapour,  substances  that  i-a- 
pidly  absorb,  140 

latent  heat  of,  145 

natural  economy  of,  156, 

circulation  of,  in  the  atmo- 
sphere, 158 

absorption  of,  by  gases,  159 

Archil  of  commerce,  639 
Arctic  regions,  intense  cold  of,  123 
Aricina,  soui'ce  and  foiTiiula  of,  630 
Armature  of  a magnet,  304 
Arragonite,  crystalline  characters  of,  97 
Arrow-root,  formula  of,  615 
Arsenic,  symbol,  equivalent,  and  phy- 
sical properties  of,  426 

alloy  of,  with  platinum,  427 

Ii3’druret  of,  431 

acid,  428 

constitution  of,  438 

combinations  with  soda,  438 

Arsenious  acid,  crystalline  character 
of,  97 

constitution  of,  428 

Arsenio\dnic  acid,  649 
Arseniuretted  hydrogen,  431 
Artificial  cold,  production  of,  136 

organic  acids,  626 

Arts  developed  before  science,  4 

Ashes,  na’.ure  of,  420 

Asparagin,  source  and  formula  of,  632 

Assafoetida,  oU.  of,  634 

Astatic  needle,  468 

Athermous  bodies,  220 

Atmosphere,  see  Air 

elasticity  of,  29  et  seq. 

balanced  by  gravity,  30 

discovery  of  the  weight  of,  34 

pressure  of,  35  et  seq. 

ratio  of  its  density,  37 

pressm’e  of,  on  man,  41 

■ effect  of  destroying  the  equili- 

brium of  its  pressure,  41 

in  relation  to  sound,  43 

vibration  of,  43 

action  of,  upon  the  elasticity  of 

aerifomi  matter,  51 

compressibility  of,  57 

natural  purification  of,  76 

invariable  uniformity  of,  76 

cun-ents  of,  127  et  seq. 

effect  of  rarefaction  upon  the 

temperature  of,  134 

effect  upon  evaporation,  151 

conveyance  of  heat  to  the  upper 

regions  of,  by  evaporation,  156 

compensating  currents  of,  157 

balance  of,  restored  by  winds,  158 

probable  liquefaction  of,  163 

action  of,  upon  light,  175 


Atmosphere,  absorption  of  heat  by,  217 
function  of  the,  in  electidcal  in- 
duction, 245 

combustion  in,  309 

aqueous  vapour  of  the,  318 

analysis  of  1000  parts,  318 

carbonate  of  ammonia  in,  348 

chemical  actions  of,  440 

--  — actiomof  concurrent  forces  on,  444 
Atmospheric  air,  rai’efaction  of,  134 

influence  of  its  pressure  upon 

boiling,  139 

saturation  of,  154 

electricity  of,  292 

decomposed  by  phosphorus, 

309 

— decomposed  by  the  heating  of 

mercury  in,  310 

decomposed  by  an  amalgam 

of  lead  and  mercury,  31 0 

synthetical  constitution  of,  314 

— invariable  constitution  of,  314 

Atmospheric  vapour,  measurement  of, 
151 

means  of  detennining  the 

elastic  force  of,  152 

condensation  of,  152 

Atom,  definition  of  the  term,  678 
Atomic  theory,  677  et  seq. 

in  relation  to  isomorphism,  688 

in  relation  to  isomerism,  693 

in  relation  to  dimorphism,  693 

Atomic  volumes,  691 
Atomic  weight,  relation  of  specific 
heat  with,  682 

relation  of  specific  gravity 

with,  682 

and  equivalent  weights  com- 
pared, 683 

comparison  of  those  obtained 

by  electrical  decomposition  and 
chemical  composition,  687 

in  relation  to  density,  692 

Atoms,  Newton’s  hypothesis  of,  7 

sizes  and  figures  of,  7 

Boscovich’s  hypothesis  of,  7 

hardness  of,  8 

weight  of,  9 

intei-stices  between,  9 

polyhedral,  89 

hypothesis  of  polyhedral,  90 

splierical,  92 

interstitial  vacuities  between 

crystalline,  92 

spheroidal,  93 

relative  weight  of,  679 

extension  of  the  spheroidal  hypo- 
thesis of,  680 

relative  forms  of,  680 
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Atoms,  relative  distances  of,  G82 

' specific  lieat  of,  68G 

specific  electricity  of,  G87 

hypothetical  division  of,  by  heat, 

688 

isomorphism  of,  688 

densities  of,  692 

Atropia,  source  and  formula  of,  630 
Attraction,  forces  of,  13 

varieties  of,  14 

electrical,  14,  230 

magnetic,  1-1,  294 

homogeneous,  15,  46 

chemical,  19 

■ heterogeneous,  19 

action  and  reaction  of,  20 

of  gravitation,  20 

reciprocal,  21 

adhesive,  59 

capillary,  60  et  seq. 

of  friction,  60 

elective,  77 

cause  of  electrical,  253 

Aura,  hypothesis  of  a repulsive  uni- 
versal, 681 
Aurora  borealis,  292 
Axes  of  symmetry  of  crystals,  95 
Axinite,  crystalline  character  of,  97 
Azelaic  acid,  source  and  formula,  6 1 8 
Azote  (see  Nitrogen),  310 

Babington,  Dr.,  improvement  in  the 
voltaic  pile,  by,  503  note 
Baking  a fruit-pie,  pneumatology  of,  42 
Balance  of  forces,  12 

construction  of,  24,  30 

delicacy  of  the,  25 

of  homogeneous  and  heterogene- 
ous forces,  69 

of  atmospheric  weight,  157 

electrical,  238  note 

Harris’s  electrical,  283 

Balloons,  hydrogen  gas  for,  322 
Banks,  Sir  Joseph,  on  the  tolerance 
of  heat  by  man,  1 23 
Barium,  symbol  and  equivalent  of,  426 

chloride  of,  376 

bromide  of,  387 

phosphuret  of,  430 

Barley-sugar,  change  in  the  interaal 
structure  of,  98 
Barometer,  invention  of,  36 

measurement  of  heights  by  tbe, 

36 

description  of  the  wheel,  36  note 

mean  height  of,  37 

cause  of  the  deterioration  of,  65 

oscillations  of,  156 

fall  of,  explained,  158  note  \ 


Barry,  Mr.,  his  process  of  preparing 
vegetable  extracts,  1 4 1 
Baryta,  combinations  with  hydi'o-chlo- 
ric  acid,  37G 

compound  with  sugar,  612 

bromate  of,  387 

alloxanate  of,  663 

Bases,  partition  of,  in  solution,  445 

neutral  fatty,  618 

organic,  627  et  seq. 

Battery,  constant,  504 

dissected,  496 

thermo-electric,  558 

magneto-electric,  588 

voltaic,  501 

Beats  in  music,  analogy  of,  in  light,  189 
Becquerel,  M.,  on  friction,  100 

artificial  gems  produced  by,  479 

voltaic  battery  by,  538 

table  of  electrical  conduction  by, 

549 

Bees’  wax,  latent  heat  of,  137 

specific  inductive  capacity  of, 

266 

Beet-root  sugar,  formula  of,  615 
Bell-jar,  an  electrified,  264 
Belladonna,  organic  base  from,  630 
Bennet’s  gold-leaf  electrometer,  237 
note 

Benzamide,  671 

Benzoic  acid,  sources,  properties,  and 
formula  of,  624 

hydrated,  626 

from  oil  of  bitter  almonds,  668 

Benzoin,  acid  from,  624 
Benzule,  668 

chloride  of,  668 

iodide  of,  668 

bromide  of,  668 

oxide  of,  668 

hydruret  of,  668 

sulphuret  of,  668 

Berard,  M.,  discovery  of  polai’ization 
of  heat  by,  228 
Beril,  form  of  crystal  of,  94 
Bibasic  phosphates,  435 
Bi-carbonate  of  ammonia,  Liebig’s  sym- 
bol for,  353 

chemical  notation  of,  353 

^ — formula  of,  369 
Bi-carburet  of  nitrogen,  method  of 
obtaining  {see  Cyanogen),  364 
Bi-chloride  of  mercury,  412 
Bi-clu'omate  of  potash,  crystalline  cha- 
racters of,  97 

Bi-cyauide  of  mercury,  crystalline  cha- 
racters of,  97 

Bi-hydro-carbon,  method  of  obtaining, 
359 
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Bi-liydro-cai  bon,  properties  of,  359 

mixture  with  chlorine,  382 

Binarseniate  of  soda,  438 
Binary  theoiy  of  salts,  432  et  seq, 

electrical  confirmation  of,  534 

Biot,  ]\I.,  on  circular  polarization  of 
light,  203 

Bi-phosphate  of  soda,  use  of,  in  the 
preparation  of  proto-hydrate  of 
phosphoric  acid,  409 

formula  of,  437 

Bi-polarization  of  light,  199 
Bird,  Dh.  Goldixg,  on  voltaic  com- 
position, 479 

Bismuth,  crystallization  of,  58 

congealing  point  of,  137 

latent  heat  of,  137 

symbol  and  equivalent  of,  426 

Bi-sulpbate  of  potassa,  381 
Bi-sulphite  of  potassa,  400 
Bi-tartrate  of  potassa,  source  of,  622 
Biting-in  performed  by  electric  action, 
554 

Bitter  almonds,  oil  of,  634 
Bittern,  nature  of,  384 
Black,  Dr.,  measurement  of  latent 
heat  by,  144 

on  latent  heat,  135 

discovery  of  carbonic  acid  by,  317 

Black-lead  ware,  progressive  dilata- 
tion of,  116 

Blanching,  nature  of,  460 
Bleaching  properties  of  chlorine,  373 

by  sulphur,  396 

cause  of,  455 

Blood,  fibrin  of,  619 

serum  of,  619 

Blowpipe,  effect  of,  on  flame,  362 

Blue  dye,  637 

Blue  indigo,  637  et  seq. 

formula  of,  640 

Boiler,  Mr.  Perkins’,  126 
Boiling  in  vacuo,  141 
Boiling-point,  influenced  by  the  atmo- 
spheric pressure,  139 

of  liquids,  144 

Bones,  boiling  of,  144 

calcination  of,  404 

Boracic  acid,  boron  obtained  from,  416 

means  of  obtaining,  417 

properties  and  fonmila,  417 

Boracite,  electrical  phenomena  of,  286 
Borax,  crystalline  character  of,  97 

of  commerce,  417 

Boron,  means  of  obtaining,  416 

source  and  properties  of,  416 

■ combination  with  chlorine,  417 

combination  with  oxygen,  4 1 7 

chloride  of,  418 


Boron,  combination  with  fluorine,  418 

combination  of,  with  the  metals, 

431 

Bow,  elasticity  of  the,  12 
Bramah’s  press,  principle  of,  49  and 
note 

Brass,  strength  of,  47 

electrical  conduction  by,  268 

linear  expansion  of,  by  heat,  103 

Brass-wire,  spontaneous  change  in  the 
internal  structure  of,  99 
Brazilin,  source  and  properties  of,  639 
Breguet,  M.,  his  thermometer,  110 
Brewster,  Sir  David,  on  the  ana- 
lysis of  light,  184 

law  of  the  interference  of  light 

stated  by,  186 

Brimstone,  see  Sulphur,  393 

specific  inductive  capacity  of,  266 

Brittleness,  examples  of,  54 
Bromate  of  baryta,  formation  of,  387 

of  potassa,  formation  of,  385 

Bromic  acid,  formation  of,  387 

properties  of,  387 

composition  of,  387 

detonating  salts  of,  387 

Bromide  of  barium,  formation  of,  387 

of  benzule,  668 

of  potassium,  formation  of,  385 

Bromides,  429 
Bromine,  sources  of,  384 

formation  of,  385 

properties  of,  385 

effect  upon  light,  385 

combination  with  hydrogen,  386 

combination  with  oxygen,  387 

path  of,  in  the  voltaic  current,  526 

Bromo-saliculic  acid,  669 
Brucia,  properties  and  formula  of,  629 
Brunel,  Sir  Isambard,  on  the  lique- 
faction of  gases,  161 
Brush  discharge  of  electricity,  275 

mfluence  of  media  upon,  276 

varieties  of,  277 

Brushes,  nature  of  electric,  270 
Butter,  acids  from,  618 
Butyric  acid,  source  and  formula,  618 
Butyroleic  acid,  source  and  formula, 
618 

Cadmium,  symbol,  equivalent  and 
physical  characters  of,  426 
Caffein,  sources,  property  and  formula 
of,  631 

Calcareous  spar,  hardness  of,  53 

form  of  crystals  of,  80 

dissection  of,  84 

new  faces  produced  by  the 

cleavage  of,  85 
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Calcareous  spar,  effect  of  temperature 
upon  the  aaigles  of,  94 

axis  of  symmetry  of,  95 

crystalline  characters  of,  97 

dimorphism  of,  98 

refraction  of  light  hy,  178 

coloured  rings  produced  hy, 

201 

Calcium,  symbol  and  equivalent  of,  426 

atomic  weight  determined  by 

isomorphism,  689 

fluoride  of,  392 

phosphuret  of,  430 

Calculation  of  equivalents,  611 
Caloric  defined,  18 
Calorific  coloration  of  glass,  224 
Calorific  rays,  see  Heat 

differences  between,  223 

compared  with  luminous,  224 

refrangibility  of,  225 

sifted  from  luminous,  226 

secondary  solar,  226 

Calorimeter,  132  and  note 
Calotype,  art  of,  454 
Camphor,  action  of  light  on  the  crys- 
tallization of,  452 

formula,  sources  and  properties, 

633 

Candles,  cause  of  the  form  of  the  flame 
of,  126 

chemical  conditions  requisite  for 

the  combustion  of,  362 
Cane  sugar,  organic  radicle  of,  611 

— formula  of,  615 

Cantharidin,  source  and  formula  of,  632 
Caoutchouc,  elasticity  of,  53 

sources,  properties  and  formula, 

636 

destructive  distillation  of,  676 

Capacity  of  bodies  for  heat,  131 
Capillary  attraction,  simplest  form  of,60 

analysis  of  the  forces  in,  61 

hyperbolic  curve  shown  by,  61 

— familiar  examples  of,  63 

mechanical  uses  of,  64 

Capillary  pump,  64 
Capric  acid,  source  and  formula,  618 
Caproic  acid,  source  and  formula,  618 
Caramel,  nature  of,  611 

formula  of,  611 

Carbon,  dimorphism  of,  98 

properties  of,  317 

; equivalent  of,  on  the  hydrogen 

scale,  350 

compounds  of,  with  oxygen,  355 

combustion  of,  in  oxygen,  356 

note 

state  of,  in  combination,  356  note 

compounds  of,  with  hydrogen,  358 


Carbon  produced  by  the  combustion 
of  hydrocarbons,  362 

compounds  of,  with  nitrogen,  364 

combination  with  chlorine,  382 

proto-chloride  of,  383 

perchloride  of,  383 

combination  with  sulphur,  400 

deuto-sulphuret  of,  400 

combination  of,  with  the  metals, 

430 

relation  of,  to  certain  metals,  692 

Carbonate  of  ammonia  decomposed  by 
nitrate  of  lime,  347 

atmospheric,  348 

composition  and  decomposition, 

348  note 

equivalent  of,  351 

chemical  notation  of,  353 

Lieuig’s  symbol  for,  353 

Carbonate  of  baryta,  decomposition 
of,  450 

Carbonate  of  lime,  sources  of,  326 

formation  of,  347 

composition  and  decomposi- 
tion of,  348  note 

— equivalent  of,  351 

Carbonate  of  soda,  crystalline  charac- 
ters of,  97 

— source  of,  387 

action  of  sulphuric  acid  on,  446 

metamorphosis  of  the  crystals 

of,  641 

Carbonates,  con-espondence  of  atomic 
weights  and  specific  heats  in  the, 
686 

Carbonic  acid,  liquefaction  of,  57 

solution  of,  in  water,  70 

— specific  heat  of,  133 

liquefaction  of,  161 

freezing  of,  by  its  own  evapo- 
ration, 161 

apparatus  for  the  liquefaction 

of,  161  note 

refraction  of  light  by,  1 78 

obtained  analytically  and  syn- 
thetically, 316 

properties  of,  316 

solubility  of,  in  water,  316 

combustion  of  potassium  in, 

316 

test  of,  318 

produced  fi-om  animal  respi- 
ration, 318 

equivalent  proportions  of,  347 

equivalent  of,  on  the  hydro- 
gen scale,  350 

formula  of,  356 

diagram  of  its  composition  by 

volume,  356  note 
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Carbonic  acid,  determination  of,  in 
organic  analysis,  610 

not  an  essential  product  in 

acetous  fermentation,  652 
Carbonic  oxide,  refraction  of  light  by, 
178 

method  of  obtaining,  355 

— properties  of,  356 

decomposition  by  the  electric 

spark,  356 

formula  of,  356 

diagram  of  its  composition  by 

volume,  356  note 

composition  by  weight,  357 

note 

Carburet  of  iron,  431 
Carburets,  430 

Carburetted  hydrogen,  refraction  of 
light  by,  178 

Carmine,  sources,  preparation  and 
formula,  640 

Casein,  means  of  obtaining,  619 

vegetable,  619 

ultimate  analysis  of,  620 

Cast  copper,  strength  of,  47 
Cast  iron,  strength  of,  47 

linear  expansion  of,  by  heat, 

103 

progressive  dilatation  of,  116 

Cast  steel,  strength  of,  47 

Castor  oil,  refraction  of  light  by,  178 

acid  from,  618 

Catalysis,  definition  of,  645 
Catalytic  force,  645 
Cathode,  definition  of,  527 
Cations,  definition  of,  527 
Cavendish,  Mr.,  discovery  of  nitric 
acid  by,  329 

investigation  of  hydrogen  by, 

323 

Cell,  division  of  the  voltaic,  574 
Cells  of  the  elementary  battery,  492 
Twte;  496  note 

of  the  dissected  battery,  498  et  seq. 

retarding,  499 

of  the  constant  battery,  505 

Celsius’s  thermometer,  107 
Cements,  principle  of,  59 
Centigrade  thermometer,  108 
Cerium,  426 

Ceroxylon,  wax  from,  636 
Chaptal,  M.,  on  the  action  of  light 
on  crystallization,  452 
Charcoal,  see  Carbon 

absorption  of  gases  by,  66 

property  of  purifying  water,  77 

conduction  of  heat  by,  120 

specific  heat  of,  133 

preparation  of,  317 


Charcoal,  saturated  with  hydrogen,  441 

illumination  of,  by  the  disruptive 

discharge  of  the  voltaic  battery, 
546 

conducting  power  of,  548 

Charge,  electrical,  242 
Chelidonia,  source  and  formula  of,  630 
Chemical  action  of  the  electrical  cur- 
rent, 528 

affinity,  19,  306  et  seq. 

as  a source  of  light,  166 

limit  of  the  action  of,  325 

influence  of  radiant  heat  on, 

452 

dependent  on  the  conduction 

and  collection  of  current  affinity, 
492 

algebra,  325 

algebraical  signs,  352  et  seq. 

arts  preceded  chemical  science,  4 

combination,  effect  of  heat  on,  312 

multiple  proportion  of,  328 

compounds,  definite  nature  of,  325 

elements,  310 

equivalents,  346 

heat,  101 

nomenclature,  334 

notation,  352 

proportions,  both  definite  and 

reciprocal,  344 

rays  of  the  solar  spectrum,  456 

et  seq. 

Chemistry,  fundamental  idea  of,  307 

organic,  358,  602  et  seq. 

Chimborazo,  atmospheric  pressure 
upon  the  summit  of,  42 
Chlorate  of  potassa,  crystalline  cha- 
racter of,  97 

formation  of,  379 

character  of  the  salt,  380 

Chlorates,  characters  of,  380 
Chloric  acid,  formation  of,  379 

properties  of,  379 

foimula  of,  379 

Chloride  of  antimony,  action  of  water 
on,  377 

barium,  formation  of,  376 

benzule,  668 

boron,  formation  and  properties, 

417 

copper,  formation  of,  445,  447 

cyanogen,  composition  of,  384 

ethule,  650 

gold,  reduction  of,  by  light,  453 

hydro-carbon,  formation  of,  382 

composition  of,  383 

methule,  655 

nitrogen,  formation  of,  381 

composition  of,  382 

3 A 2 
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Chloride  of  potassium,  fonnation  of,  380 

silicon,  formation,  properties,  and 

constitution  of,  415 

silver,  formation  of,  379 

action  of  the  hyj)o-siilphites  on, 

399 

reduction  of,  441 

silver,  action  of  light  on,  453 

electrolysis  of,  540 

sodium,  composition  of,  373 

action  of  sulphuric  acid  on, 

446 

sulphur,  diathermancy  of,  220 

formation  of,  401 

properties  of,'  40 1 

composition  of,  401 

zirconium,  reduction  of,  479 

Chlorides,  definition  of,  373 

in  relation  to  muriates,  376 

characters  of,  429 

Chlorine,  liquefaction  of,  163 

refraction  of  light  by,  178 

method  of  obtaining,  372 

nature  of,  372 

test  of,  373 

bleaching  properties  of,  373 

compounds  of,  with  metals,  373 

combination  with  sodium,  373 

antiseptic  properties  of,  374 

combined  with  hydrogen,  374 

compared  -with  oxygen,  378 

combinations  with  oxygen,  378 

combination  with  nitrogen,  381 

combinations  with  cai’bon  and 

hydro-carbon,  382 

combination  with  cyanogen,  384 

combination  with  sulphur,  401 

combinations  with  phosphoinis, 

412 

combinations  with  silicon,  415 

combination  with  boron,  417 

combinations  of,  with  the  metals, 

429 

action  of,  on  hydriodic  acid,  450 

combination  with  carbonic  oxide, 

456 

path  of,  in  the  voltaic  current, 

526 

Chloro-saliculic  acid,  669 
Chloro-salts,  373 

Chlorophane,  phosphorescence  of,  460 
Chlorous  acid,  formation  of,  380 

properties  of,  380 

formula  of,  380 

Chromate  of  lead,  refraction  of  light 
by,  178 

Chrome,  symbol,  equivalent  and  phy- 
sic^ properties  of,  426. 
Cln-oino-cyanide  of  potassium,  660 


Cinchona,  alkalies  in,  629 
Cinchonia,  formula  of,  629 
Cinchonic  acid,  hydrated,  626 
Cinnamon,  oil  of,  634 
Circular  polarization,  203 
Circulating  afifinity,  identified  with 
electricity,  516  et  seq. 

essential  conditions  of,  517 

Circulation  of  current  affinity,  condi- 
tions of,  477 

fluids,  126 

heat,  125 

Citraconic  acid,  hydrated,  626 
Citric  acid,  size  and  pmdty  of  the 
crystals  of,  80 

crystalline  characters  of,  97 

— diathermancy,  222 

hydrated,  626 

Classification  of  organic  products,  612 
Clay,  contraction  of,  by  heat.  111 

conduction  of  heat  by,  121 

Cleavage  of  crystals,  84  et  seq. 
Clement  and  Desohmes,  MM.,  on 
the  latent  heat  of  steam,  146 
Clothing,  conduction  of  heat  by,  124 
Clouds,  aerial  cui-rents  shown  by,  157 

evaporation  of,  158 

precipitation  of,  158 

electricity  obtained  from,  287 

Coal,  products  of  the  distillation  of, 
360 

Coal-gas,  chemical  nature  of,  360 
Cobalt,  symbol,  equivalent  and  physi- 
cal properties  of,  426 
Cobalto-cyanide  of  potassium,  660 
Cqccus,  carmine  from  the  genus,  640 
Cochineal,  colom-  from,  640 
Cocoa-nut  oil,  acid  from,  618 
Cocostearic  acid,  source  and  formula, 
618 

Codeia,  constitution  of,  628 
Cofifee,  neutral  principle  from,  631 
Cohesion,  or  homogeneous  attraction, 
15 

overcome  by  elasticity,  17 

overcome  by  projectiles,  17 

heat  the  antagonist  to,  17 

action  of,  upon  the  pendulum,  23 

measurement  of  the  force  of,  46 

table  of  the  force  of,  in  vaiious 

bodies,  47 

state  of,  in  liquids,  48 

of  sand,  50 

perfect  suspension  of,  by  heat,  50 

imperfect  destruction  of,  50 

effect  of  pulverization  upon,  51 

effect  of  levigation  upon,  69 

slight  causes  that  give  the  balance 

to,  79 
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Cohesion,  in  relation  to  the  conduction 
of  heat,  122 

effect  of  electricity  upon,  229 

interference  of,  with  affinity,  440 

Cold,  effect  of,  upon  the  density  of 
bodies,  8 

action  of,  upon  a saturated  solu- 
tion, 70 

as  a means  of  destroying  hetero- 
geneous adhesion,  78 

means  of  measuring  great  degrees 

of,  109 

exception  to  the  contracting  effect 

of,  1 18 

sensation  of,  increased  by  wind,  1 23 

tolerance  of,  by  man,  123 

artificial,  138 

asa  meaus  of  liquefying  gases,  160 

generated  by  the  evaporation  of 

liquid  carbonic  acid,  161 

sensation  of,  dependent  upon  the 

conducting  power  of  matter,  1 62 

effect  of,  upon  magnetism,  305 

produced  by  voltaic  cm’rent,  559 

Colophony,  nature  of,  635 
Coloration  of  glass,  calorific,  224 
Colour,  origin  of  (see  Colours),  1 80 

in  relation  to  temperature,  217 

— — lost  by  some  salts  together  with 
water,  371 

causes  of  vegetable,  637 

Coloured  photogi’aphs,  457 
Coloured  rings  of  Newton,  189 
Colouring  matter  of  vegetables,  636 
Colours,  solar,  180 

simple,  1 84 

fringes  of,  185 

in  nature  explained,  189 

complementary,  189 

of  polarized  light,  199 

effect  of  the  peroxide  of  hydrogen 

on  vegetable,  354 

effect  of  chlorine  on  vegetable, 

373 

Columbium,  symbol,  equivalent  and 
physical  characters  of,  426 
Combinations  of  matter,  proportions 
per  cent.,  343 

definite  and  reciprocal,  344 

Combustibles,  313 

definition  of,  322 

Combustion,  heat  of,  101 
dependence  of,  upon  the  atmo- 
sphere, 309 

nature  of,  312 

supporters  of,  322 

of  oxygen  and  hydrogen,  323 

nature  of  flame,  360 

of  the  hydro-carbons,  360 


Combustion,  matter  of,  361 

without  inflammation,  362 

example  of  slow,  362  note 

spontaneous,  of  phosphorus,  406 

phlogistic  hypothesis  of,  422 

multiple  proportions  of  heat 

evolved  during,  451 
Comenic  acid,  626 
Common  salt,  form  of  crystal  of,  78 
effect  of  urea  upon  the  crys- 
tallization of,  80 

crystalline  character  of,  97 

used  for  obtaining  chlorine,372 

composition  of,  373 

Compass  needles  affected  by  lightning, 
293 

Complementary  tints,  189 
Composition,  heat  of,  130 
• — — fundamental  laws  of,  325 

by  current  affinity,  478 

Compound  bodies,  secondaiy  combi- 
nation of,  342 
Compressibility  defined,  54 

of  liquids,  54 

Compression  of  liquids,  54 

of  aeriform  bodies,  56 

relative  increase  of  elasticity  and 

cohesion  upon  the  compression  of 
a body,  57 

Concurrence  of  forces,  440 
Concurring  affinities,  445  et  seq.,  495 

forces,  adjustment  of,  440 

Concussion,  effect  of,  upon  cold  solids, 
118 

Condensation  of  atmospheric  vapour,152 
Condenser  of  electricity,  252 
Conducting  plates,  465 

relative  size  and  position  with 

respect  to  the  generatingplates,481 

spherical,  483 

cylindrical,  487 

Conducting  power  of  current  force,  469 
Conducting  wire,  illustrations  of  ener- 
getic actions  in  the,  465  et  seq. 

heat  of,  465 

action  of,  on  the  magnetic 

needle,  466 

doubling  of  the  magnetic 

power  of,  467,  and  note 

law  of  its  force,  469 

relation  of,  to  iron  and  nickel, 

469 

action  of,  on  organization,  469 

effect  upon  the  magnetic  nee- 
dle, 561 

spiral  form  of,  562 

magnetic  force  of,  acting  by 

induction,  562 

self  induction  of,  592 
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Conduction  of  current  affinity  by 
liquids,  492 

of  electricity,  234 

table  of  electrical,  235 

electrical  discharge  by,  267 

Conduction  of  heat,  120  et  seq. 

in  relation  to  density,  121 

by  solids,  121 

to  be  observed  in  the  purchase 

of  gems,  121 

illustrated  by  common  con- 
trivances, 122 

by  liquids,  122 

in  relation  to  cohesion,  122 

by  aerifoi-m  bodies,  1 23 

by  vapours,  124 

advantages  taken  of,  in  the 

arts,  124 

by  gaseous  matter,  162 

Conductor  of  electricity,  section  of 
the  liquid,  489 

Conductors  and  non-conductors  of 
electricity,  234 
table  of  electrical,  235 

definition  of  electrical,  268 

Conductors  of  heat  compared  with 
conductors  of  electricity,  548 
Congealing  points  of  various  bodies,  137 
Congelation,  a heating  process,  138 
Connexion  of  the  sciences,  694 
Consciousness  of  force,  10 

of  the  continued  efforts  of  forces, 

12 

Constant  battery,  contrived  by  Profes- 
sor Daniell,  504  et  seq. 

general  aiTangement  of,  505 

note 

one  cell  of,  represented,  505 

note 

effect  of  heat  on  the  power  of, 

506 

Constitutional  water,  439 
Contraction  of  mercury  at  the  time  of 
congelation,  58 

by  cold,  exception  to  the  law 

of,  118 

effect  of  concussion  upon,  118 

Contrary  affinity,  assumption  of,  509 

method  of  determining  the 

value  of,  509 

proof  of,  510 

Convection  of  heat,  125 

by  liquids,  125 

— by  aeriform  bodies,  126 

— applied  in  the  arts,  1 26 

illustrated  by  the  trade  winds, 

128 

illustrated  by  the  Gulf  stream, 

129 


Convection  of  heat  downwards,  130 
Convective  currents  of  electricity,  280 
— - discharge  of  electricity,  279 
Cooling,  law  of,  by  radiation  of  heat, 
216 

Copper,  action  of  nitric  acid  upon,  19 

crystalline  character  of,  97 

linear  expansion  of,  by  heat,  103 

mean  dilatation  of,  by  heat,  115 

progressive  dilatation  of,  116 

conduction  of  heat  by,  121 

specific  heat  of,  133 

congealing  point  of,  137 

radiation  of  heat  by,  212 

electrical  conduction  by,  268 

symbol,  equivalent,  and  physical 

properties  of,  426 

solution  of,  in  zinc,  427 

alloy  of,  with  zinc,  427 

nitruret  of,  431 

nitrates  of,  439 

sulphate  of,  439 

sheathing  of  ships,  con-osion  of, 

prevented,  482 

oxysulphion  of,  535 

electrical  conduction  by,  549 

quality  of  precipitated,  554 

ferrocyanide  of,  658 

Cork,  acid  from,  618 
CoiTosion  of  copper  in  salt  water  pre- 
vented, 482 

Corundrum,  characters  of,  441 
Cotton-wool,  conduction  of  heat  by, 
125 

Coulomb,  M.,  torsion-electrometer 
by,  238  note 

electrical  proof  plane  of,  242 

measurement  of  magnetic  inten- 
sity by,  303 

Couronne  des  tasses,  502  note 
Cream,  mixture  used  to  freeze,  136 
Creosote,  means  of  obtaining,  675 

formula  and  properties,  675 

Crown  glass,  linear  expansion  of,  by 
heat,  103 

Crucial  experiment,  287 
CauicKSHAXK,  Mu.,  improvement  in 
the  voltaic  pile  by,  502  note 
Cryopliorus  of  Dr.  Wollaston,  141  and 
note 

Crysotype,  art  of,  459 
Ciystalline  structure,  effect  of,  upon 
thermo-electric  phenomena,  556 

symmetry,  law  of,  96 

Crystallization,  57,  78  et  seq. 

of  water,  58 

bismuth,  58 

sulphur,  58 

illustrations  of,  78 
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Crystallization,  effect  of  foreign  bodies 
upon,  79 

facilitated  by  nuclei,  ^9 

produced  by  agitation,  ^9 

systems  of,  97 

light  observed  during,  166 

as  a source  of  electricity,  286 

water  of,  357,  439 

influence  of  light  on,  452 

Crystallized  bodies,  refraction  of  lighc 
by,  192 

Crystallographic  systems,  96  et  seq. 
Crystallography,  science  of,  81 
Crystals,  largeness  and  regularity  of,  78 

artificial,  78 

nuclei  of,  79 

spontaneous  growth  of  large 

crystals  at  the  expense  of  small,  80 

to  increase  the  size  of,  80 

principal  primitive  forms  of,  81 

incompleteness  of,  81 

a solid  angle  of,  defined,  81 

cause  of  secondary  forms  of,  82 

replacement  of  edges  of,  82 

truncation  of  angles  of,  82 

internal  structure  of,  84 

cleavage  of,  84 

dissection  of,  84 

bythesolventactionofwater,86 

by  means  of  heat,  87 

hypothesis  concerning,  89 

decrement  of  the  particles  of,  90 

interstitial  vacuities  in,  92 

unequal  expansion  of,  94 

irregular  contraction  of,  94 

axes  of  symmetry  of,  95 

uniaxal,  96 

physical  characters  of,  97 

■ expansion  of,  in  unequal  direc- 

tions, 97 

single  refractive,  97 

double  refractive,  97 

spontaneous  change  in  the  inter- 
nal structure  of,  98 

dimorphism  of,  98 

optic  axes  of,  193 

negative  and  positive,  194 

repulsive  and  attractive,  194 

electrical,  286 

relation  of  water  to,  439 

change  of  angles  with  tempera- 
ture, 682 

Cube,  figure  of,  81 

formed  of  spherical  particles,  93 

axes  of,  96 

Culinary  salt,  composition  of,  373 

residue  from  the  manufacture 

of,  384 

Cummin,  oil  of,  634 


Curd  of  milk,  619 
Current  affinity,  462  et  seq. 

mechanical  illustration  of,  463 

resistance  to,  465 

conducting  power  of,  469 

law  of  resistances,  469 

transfer  of  elements  by,  471 

et  seq. 

mechanical  illustration  of  the 

convective  power  of,  472 
simultaneous  phenomena  of, 

472 

caution  with  respect  to  the 

term,  472 

measurement  of,  472 

checked  by  an  opposing  affi- 
nity, 473  et  seq. 

limited  by  the  laws  of  definite 

and  equivalent  proportions,  475 

— essintial  conditions  of,  477 

composition  and  decomposi- 
tion by,  478  et  seq. 

relative  size  and  position  of 

the  conducting  and  generating 
plates,  481 

— influence  of  surface,  482 

spread  and  direction  of  the 

force  of,  482 

in  spherical  plates,  483 

compared  with  radiant  forces, 

486 

in  cylindrical  plates,  487 

mathematical  calculation  of, 

487  et  seq. 

— interior  and  exterior  resist- 
ances to,  488 

liquid  conduction  of,  492 

neutralization  of,  by  opposing 

affinities,  492 

metallic  resistance  to,  494 

chemical  resistance  to,  494 

obstruction  of,  497 

measured  by  its  chemical 

effects,  500 

mathematical  calculation  of 

the  phenomena  of,  507 

illustrated  by  Ohm’s  formula, 

507 

in  relation  to  chemical  affinity, 

532 

Current  electricity,  in  relation  to  mag- 
netic action,  570 
Currents  of  air  explained,  127 

of  the  ocean,  129 

Cyanate  of  potassa,  formation  of,  369 
Cyanic  acid,  method  of  obtaining,  369 

properties  of,  369 

analysis  of,  369 

Cyanide  of  potassium,  formation  of,  368 
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Cyanide  of  potassium,  formula  of,  369 

used  in  volta-plating,  553 

Cyanides,  367 

compounds  of  the  metallic, 

657 

Cyanogen,  liquefaction  of,  163 

refraction  of  light  by,  178 

method  of  obtaining,  364 

properties  of,  365 

analysis  of,  365 

compounds  of,  366 

binary  compounds  of,  367 

compound  with  hydrogen,  367 

symbols  of,  368 

isomeric  acids  from,  369 

combinations  with  oxygen,  369 

chlorine,  384 

common  production  of,  in  orga- 
nic metamorphoses,  656 

used  in  the  production  of  ferro- 

cyanogen, 657 

combination  with  sulphur,  660 

Cyanoxalic  acid,  662 

Cyanuric  acid,  means  of  obtaining,  370 

properties  of,  370 

— formula  of,  370 

compounds  of,  370 

Cylinder  electrical  machine,  239  note 

Daguerue,  M.,  the  perfecting  of  pho- 
tography by,  455 
Daguerrotype,  description  of,  455 
Dahlia  root,  product  from,  615 
Dalibahd,  M.,  electricity  obtained 
from  clouds  by,  287 
Dalton,  Dr.,  on  the  diflFusion  of 
gases,  74 

on  the  expansion  of  aeriform 

matter  by  heat,  1 19 

on  the  rate  of  evaporation,  150 

the  dew-point  ascertained  by,  152 

atomic  theory  by,  677  et  seq. 

announcement  of  the  atomic 

theory  by,  679 

chemical  signs  by,  680 

Daniell’s  register  pyrometer.  111 

hygrometer,  1 52  et  seq. 

constant  batteiy,  504  et  seq. 

double  diaphragm  cell,  533 

Davies,  on  the  antiquity  of  the  magnet, 
293 

Davy,  Dr.,  on  the  torpedo,  596 
Davy,  Siii  IluMPHnY,  on  radiation 
of  heat  in  vacuo,  216 

invention  of  the  safety  lamp  by, 

363  et  seq. 

on  the  chemical  action  of  light,453 

prevention  of  corrosion  of  copper 

sheathing  by,  482 


Davy,  Sir  Humphry,  rotation  'of 
voltaic  flame  by,  569 
De  la  Roche,  M.,  on  the  transmission 
of  heat  through  glass,  219 
De  la  Tour,  M.  Cagniard,  on  the 
vaporization  of  liquids,  164 
De  Lisle’s  thermometric  scale,  108 
De  Luc’s  column,  description  of,  519 

polar  phenomena  of,  519 

De  Morveau,  Guyton,  on  hetero- 
geneous adhesion,  59 
De  Rosier,  Pilatre,  the  first  aerial 
voyager,  127 

De  Saussure,  the  hygrometer  of, 
67  note 

Deccan,  dew-point  in  the,  1 54 
Decomposition,  chemical,  441,  el  seq. 

by  light,  456 

voltaic,  525 

by  electricity  of  friction,  o43 

Decrements  of  crystals,  90 
Deduction,  the  mental  process  of,  5 
Definite  proportions,  law  of,  326 

^vith  respect  to  gases,  332 

accuracy  of  the  laws  of,  391 

Delphia,  source  and  formula  of,  630 
Deljihinium  staphysagria,  organic  base 
from,  630 

Density  of  matter,  8 

relation  of  the  diffusiveness  of 

gases  to  their,  75 

conduction  of  heat  in  relation 

to,  121 

of  water,  point  of  maximum,  129 

of  matter  in  relation  to  the  trans- 
mission of  light,  171 
of  metals  in  relation  to  the  radia- 
tion of  heat,  212 

of  atoms,  692 

Design  in  creation,  5 
Detonating  salts  of  bromic  and  chloric 
acids,  387 

Deuto-chloride  of  mercury,  formation 
of,  377 

Deuto-chlorides,  373 
Deuto-cyauide  of  mercury,  as  a source 
of  cyanogen,  365 

used  in  obtaining  prussic  acid,  367 

formation  of,  369 

• for  the  formation  of  chloride  of 

cyanogen,  384 

Deuto-hydrate  of  phosphoric  acid, 
410 

Deuto-nitrate  of  mercury,  434 
Deuto-sulphuret  of  carbon,  formation 
of,  400 

— properties  of,  400 

composition,  401 

Deuto-sulpliuretted  liydrogeii,  395 
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Deutoxide  of  mercury,  action  of  Iiydro- 
chloric  acid  on,  377 

— — used  in  obtaining  liypo-cblor- 
ous  acid,  378 

Deutoxide  of  nitrogen,  discovery  of, 
332 

properties  of,  332 

composition  of,  by  volume,  333 

decomposition  by  charcoal,  333 

equivalent  of,  on  the  hydro- 
gen scale,  350 

Deutoxides,  definition  of,  335 
Dextrin,  source  and  formula  of,  C15 

• etymology  of,  filO 

Dew,  artificial  deposition  of,  152 

effect  of  mist  upon  the  formation 

of,  215 

theory  of,  216 

Dew-point,  method  of  obtaining  the,  152 

value  of,  1 54 

Diabetic  sugar,  fonnula  of,  615 
Diamond,  hardness  of,  53 

fonn  of  the  ciystal  of,  79 

cleavage  of,  84 

conduction  of  heat  by,  121 

refraction  of  light  by,  177 

polarization  of  light  by,  199 

chemical  constitution  of,  317 

phosphorescence  of,  460 

Diaphanous  bodies,  in  relation  to  light, 
171 

compared  with  ^iathei-mous, 

220 

Diastase,  mode  of  preparing,  642 

properties  of,  643 

action  upon  starch,  643 

Diathermancy,  219  seq. 

table  of,  222 

in  relation  to  the  refrangibility 

of  the  ray,  222 

Diathermous  bodies  compared  with 
diaphanous,  220 
Dielectric  bodies  defined,  235 
Dielectrics,  257 

specific  inductive  capacity  of,  265 

convective  currents  shewn  by 

liquid,  280 

effect  of  heat  upon,  548 

Differential  inductometer,  265 

theiTuometer  of  Leslie,  105 

Diffraction  of  light,  1 85 
Diffusion  of  gases,  74  et  seq. 

law  of,  75 

of  light,  175 

Diffusion-tube  of  Professor  Graham 
described,  75 

Dilation  of  water  at  the  time  of  freez- 
ing, 58 

progi-essive,  1 14 


Dilation  of  metals,  provision  for,  in 
works  of  art,  117 
Dimorphism  of  crystals,  98 

relation  of,  to  the  atomic  theory, 

693 

Dimorphous  bodies,  98 
Dinoxide  of  lead,  42!) 

Dipping-needle,  301  note 
Direction  of  forces,  466 
Directive  needle,  301 
Discharge  of  electricity,  modefe  of, 
267 

Dispersion  of  light,  182 
Disruptive  discharge  of  electricity,  270 
et  seq. 

Dissected  battery,  496 

effects  of  retarding  cells,  498 

representation  of  a single  cell, 

498  note 

aiTangemeut  of  the  ten  cells, 

499  note 

addition  of  a voltameter  to, 

500 

inconstant  action  of,  501 

Dissection  of  crystals,  84 

of  metals,  88 

Distillation,  definition  of,  78 

of  oil  of  vitriol,  danger  of,  139 

Divisibility  of  matter,  9 
Dollond,  the  achromatic  lenses  of, 
182 

Dolphin,  acid  from  the  fat  of,  618 
Double  chlorides,  373,  429 

decomposition,  example  of,  347 

diaphragm  cell,  533 

elective  affinity,  347,  348 

refraction  of  light,  192 

salts,  constitution  of,  439 

sulphate  of  potash  and  copper, 

irregular  contraction  of,  94 

sulphurets,  430 

weighing,  25 

Drebei.,  Cornelius,  invention  of  the 
thermometer  by,  104 
Drummond,  Lieutenant,  signal 
light  by,  219 

Du  Fay,  M.,  electrical  hypothesis  of, 
232 

Ductility,  definition  of,  54 

of  the  metals,  423 

Dulong  and  Petit,  MM.,  on  expan- 
sion of  solids,  114 

discovery  of  the  law 

of  specific  Jieat  by,  133 
on  the  relation  of  spe- 
cific heat  with  atomic  weight, 
685 

Dumas,  M.,  theory  of  types  by,  642  note 
Dyes,  637  et  seq. 
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Dynamics,  scienCe"of,  11 

Earth,  mean  radius  of,  25 

magnetic  induction  from  the,  303 

inductive  magnetic  power  of,  585 

Earths,  the  term  defined,  4 1 9 

of  the  metals,  420 

Ebullition,  139 
Efflorescence,  nature  of,  371 

instances  of  natural,  444 

Egyptians,  chemical  arts  of  the  ancient, 
4 

Eider  do^vn,  conduction  of  heat  by,  125 
Elaic  acid,  means  of  obtaining,  and  for- 
mula of,  617 

Elaidic  acid,  soui'ce  and  formula,  618 
Elain,  616 

sources  of,  617 

formula  of,  617 

Elaopten,  nature  of,  632 
Elastic  fluids,  convection  of  heat  by, 
126 

Elasticity  of  matter,  12 

stronger  than  muscular  power,  12 

opposed  by  weight,  12 

acting  against  cohesion,  1 7 

as  a measure  of  the  variations  of 

gravity,  26 

of  matter,  29 

of  air,  30 

of  solids,  30 

of  fluids,  31 

relative  degrees  of,  53 

of  steam,  in  relation  to  the  den- 
sity of,  146 

influence  of,  upon  afflnity,  446 

Elective  affinity,  308 

case  of  double,  347 

case  of  pure,  450 

attraction,  77 

Electrical  action  and  reaction,  250 

action  of  points,  281 

actions  compared  with  voltaic, 

517 

amalgam,  240 

attraction  and  repulsion,  230 

course  of,  253 

laws  of,  283,  et  seq. 

weighing  of,  283 

balance  by  Harris,  283 

battery,  260 

brushes,  nature  of  the  discharge 

of,  270 

charge,  quantity  of  estimated,  258 

intensity  of,  estimated,  260 

of  Leyden  jar,  263 

circuit.  Dr.  Faraday’s  deflnition 

of,  521 

condenser,  252 


Electrical  condenser,  in  connexion  with 
a gold-leaf  electrometer,  253  note 

conduction,  table  of,  235 

relation  of,  to  insulation,  267 

table  of,  in  metals,  268 

by  liquids,  526,  550 

table  of,  549 

by  saline  solutions,  550 

conductor,  effect  of  form  upon,  242 

convective  cuiTents,  280 

discharge,  279 

ci-ystals,  286 

currents,  definite  chemical  action 

of,  528 

in  relation  to  chemical  affinity, 

532 

Electrical  currents,  effect  of,  upon  the 
temperature  of  good  conductors, 
559 

influence  of  the  pole  of  a mag- 
net upon, 569 

mutual  actions  of,  570  et  seq 

generated  by  the  mechanical 

rotations  of  the  magnet,  584 

differential  inductometer,  265 

discharge  of  Leyden  jar,  263 

modes  of,  267 

by  conduction,  267 

lateral,  270 

disruptive,  270 

paper  perforated  by,  272 

from  bad  conductors,  272 

— violence  of,  272 

velocity  of,  273 

— the  bnish,  275 

disniptive  discharge,  270 

distribution,  242 

eel,  597 

equilibrium,  232 

excitation  by  friction,  230 

familiar  instances  of,  238 

by  pressure,  285 

by  heat,  285 

by  mechanical  force,  285 

by  crystallization,  286 

by  freezing,  286 

by  evaporation,  286 

fish,  595  et  seq. 

flame,  fusion  by,  560 

flashes  and  sparks,  240 

free  charge,  262 

glow,  277 

heat,  101,  281  et  seq. 

induction,  244 

function  of  the  atmosphere 

in,  245 

law  of  intensity  of,  245 

through  spirits  of  turpentine, 

247 
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Electrical  induction,  thickness  of  the 
insulating  media,  251 

experimental  proofs  of  Dr, 

Faraday’s  theory  of,  255 

through  resinous  bodies,  257 

specific,  264 

inductive  capacity  of  bo- 
dies, 265 

lateral,  from  wire,  269 

illustrated  by  Galvani’s  frog, 

470 

compared  with  magnetic,  295 

et  seq. 

exhibited  by  the  water-bat- 
tery, 517 

insulation,  235  el  seq. 

media  of,  251 

relation  of,  to  conduction,  267 

insulatore,  most  perfect,  268 

intensity;  law  of,  242 

effect  of  the  form  of  the  con- 
ductor upon,  243 

kite,  288 

light,  238,  281  et  seq. 

lightning  conductors,  291 

machine,  conditions  of,  239 

the  cylinder,  239 

insulated  conductor  of,  239 

Mr.  Snow  Harris’s,  239  note 

the  rubber  of,  240 

prime  conductor  of,  240 

metallic  amalgam  for,  240 

— the  plate,  240  note,  et  seq. 

current  of,  compared  with 

the  voltaic,  564 

Electrical  organ  of  the  gymnotus  elec- 
tricus,  600 

phenomena  in  the  steam  engine, 

287 

polar  state,  244 

radiation,  282 

ray,  595 

re-charge,  266 

repulsion,  cause  of,  250,  252 

residual  charge,  266 

shock,  259 

sound  of  the  brush  discharge,  276 

sounds,  cause  of,  289 

spark,  instantaneity  of  the,  272 

from  a magnet,  583 

specific  insulating  power,  274 

star,  277  note 

statics,  laws  of,  230  el  seq. 

tension,  laws  of  the  increase  of, 

257 

unit  jar,  262  note 

velocity  too  rapid  to  bum,  274 

Electricity,  first  facts  of,  14 
princii)le8  of,  228  el  seq. 


Electricity,  sources  of,  229  '3' 

latent  human  power  in,  229 

in  relation  to  gravity,  229 

developed  by  friction,  230 

vitreous  and  resinous,  231 

hypotheses  of,  232 

negative  and  positive,  232 

conduction  of,  234 

insulation  of,  234 

table  of  conductors  and  insula- 
tors, 235 

measurement  of  the  intensity  of, 

237 

effect  of  the  surface  of  bodies 

upon  the  nature  of,  238 

apparatus  for,  239  el  seq. 

law  of  its  intensity,  242 

law  of  quantity,  242 

distribution  of  charge,  242 

induction  of,  244 

reason  of  its  supeilicial  distribu- 
tion, 248 

an  insulated  cubic  room  charged 

with,  249 

force  of,  illustrated  by  an  elastic 

spring,  251 

measurement  of  quantity,  258 

means  of  accumulating,  259 

Leyden  jar,  259 

measurement  of  intensity,  260 

et  seq. 

free  ch.irge  of,  262 

unit  jar,  262  note 

re-charge  of,  266 

discharge  of,  267 

residual  charge  of,  267 

resistance  of  metals  to,  269 

disruptive  discharge  of,  270 

lateral  discharge  of,  270 

metallic  wire  melted  by,  270 

disruptive  discharge  in  water,  272 

discharge  fiom  bad  conductors, 

272 

velocity  of,  273 

brush  discharge  of,  275 

specific  insulating  power  over,  274 

velocity  of,  modified  by  media, 

274 

sound  of  the  bmsh  discharge, 

276 

nitrogen  in  relation  to,  276 

glow  discharge  of,  277 

discharge  of,  by  convection,  279 

convective  discharge  of,  279 

convective  currents  of,  280 

light  of,  281  et  seq. 

action  of  points,  281 

heat  of,  281  cl  seq. 

radiation  of,  282 
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Electricity,  laws  of  its  attraction,  283 
et  seq. 

weighing  of  the  attraction  of,  283 

sources  of,  285 

developed  by  mechanical  force,  285 

developed  by  heat,  285 

developed  from  the  toimmaline, 

285 

developed  by  pressure,  285 

developed  by  evaporation,  286 

developed  by  freezing,  286 

developed  from  boracite,  286 

developed  by  crystallization,  286 

natural  phenomena  of,  287 

crucial  experiment,  287 

of  the  steam  engine,  287 

obtained  from  clouds,  287 

obtained  by  the  kite,  288 

cause  of  the  sounds  of,  289 

lightning  conductors,  291 

atmospheric,  292 

auroi-a  borealis,  292 

mariner’s  compass  disturbed  by, 

293 

relation  of,  to  magnetism,  293 

composition  of  water  displayed 

by,  323 

identified  with  the  circulating 

affinity  of  the  voltaic  pile,  516 

liquid  conduction  of,  526 

of  friction,  decomposition  by,  543 

quantity  required  for  chemical 

decomposition,  545 

thermo-electricity,  554 

effects  of,  when  in  motion  and  at 

rest,  581 

animal,  595,  el  seq. 

specific,  687 

Electrics  and  non-electrics,  236 
Electrified  beU-jar,  264 
Electro-chemical  action,  primary  and 
secondary  decomposition  by,  539 

decomposition  in  relation  to  the 

force  of  chemical  action,  531 

nomenclature,  535 

Electrodes  of  the  voltaic  battery,  521 

atmospheric,  545 

Electro-dynamic  cylinder,  572 

machine,  593 

Electrolysis,  definition  of,  525 

laws  of,  525  et  seq. 

the  condition  of  liquidity  to,  525 

of  secondary  conij-jounds,  532 

nomenclature  of,  535 

Electrolytes,  anode  of,  527 

definition  of,  525 

table  of,  542 

Electrolytic  equivalents,  529 
force,  applications  of,  550 


Electrolytic  engine,  551 
Electro-magnet,  565 

sources  of  its  energy,  577 

effect  of  increasing  the  coils 

of  wire  upon  resistance,  577 
Electro-magnetic  clock,  581 

currents  acting  through  great 

lengths  of  wire,  576 

— engine,  575 

force,  574 

helices,  563 

induction,  562 

power,  source  of,  562 

rotation,  567 

telegraph,  576 

telegi-aph.  Professor  Wheat- 
stone’s battery  for,  577 

telegraph,  printing  action  of, 

580 

Electro-magnetism,  560  el  seq, 

converse  of,  584 

Electrometers,  237 

M,  Coulomb’s  torsion,  238  note 

Henley’s  quadrant,  260  note 

Electro-motive  force  and  resistance, 
489 

Electrophorus,  253  et  seq. 

the  shell-lac,  255  note 

Electro-thermancy,  559  et  seq. 
Element,  improper  definition  of,  308 
Elementary  voltaic  battery,  496 
Elements,  artificial  combination  of,  325 

signs  for  combinations  of,  353 

non-metallic,  372 

transfer  of,  by  current  affinity,  471 

direction  which  they  take  in  the 

voltaic  current,  526 

organic,  603 

Elemi,  oil  of,  634 
Ellagic  acid,  hydrated,  626 
Elm,  strength  of,  47 
Empedocles,  on  the  constitution  of 
matter,  307 
Emulsin,  666 

Endosmose,  definition  of,  72  et‘seq. 

in  liquids,  73 

in  gases,  74 

Epidote,  crystalline  characters  of,  97 
Epsom  salt,  form  of  salt  of,  78 
Equilibrium,  electrical,  232 

of  chemical  forces,  342 

of  foi-ces,  1 1 

of  heat,  120 

of  heat  in  aeriform  bodies,  1 26 

Equivalent  numbers,  determination  of, 
529 

proportions,  346  et  seq. 

weights,  electrical  definition  of, 

529 
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Equivaleuts,  table  of  chemical,  350 

of  gases  determined  fi’om  their 

specific  gravities,  351 

electrolytic,  529 

calculation  of,  Gil 

Ergot  of  rye,  sugar  from,  615 
Erytbrin,  source  and  formula  of,  640 
Essential  oils,  632 

table  of,  634 

sulphur  in,  634 

Ethal,  source  and  formula  of,  618 
Ethalic  acid,  source  and  formula,  618 
Ether,  compressibility  of,  55 

specific  heat  of,  1 33 

boiling  point  of,  139 

boiling  of,  in  vacuo,  140 

latent  heat  of  the  vapour  of,  145 

volume  of  the  vapour  of,  164 

hypothetical,  168 

refraction  of  light  by  the  vapour 

of,  178 

refraction  of  light  by,  178 

means  of  obtaining,  646 

properties  and  constitution  of,  646 

el  seq. 

the  radicle  hydrocarbon  of,  647 

neutral  products  of,  with  acids, 

650 

muriatic,  650 

nitrous,  650 

acetic,  650 

methylic,  655 

undulations  of  the  celestial,  168 

Etherification,  646  el  seq. 

Etherine,  nature  of,  647 
Etherol,  649 
Ethule,  nature  of,  647 

compounds  of,  648 

chloride  of,  650 

hypo-nitrite  of,  650 

acetate  of,  653 

oxalate  of,  651 

Etiolation,  nature  of,  460 
Eudiometer,  described,  328 
Evaporation,  77,  148  el  seq 

of  sea- water,  149 

rate  of,  150 

in  a perfectly  diy  am,  150 

effect  of  wind  upon,  150 

effect  of  the  pressure  of  the 

atmosphere  upon,  151 

convective  power  of  the  air  upon, 

151 

circulation  of  heat  by,  156 

of  clouds,  158 

of  liquid  carbonic  acid,  161 

electricity  excited  by,  286 

Exosmose,  definition  of,  ^2  el  seq. 

in  liquids,  73 


Exosmose,  in  gases,  74 
Expansion  of  crystals  in  unequal  direc- 
tions, 97 

equal  amounts  of,  equivalent 

to  equal  increments  of  tempera- 
ture, 110 
force  of,  117 

by  heat,  of  solids  and  liquids,  118 

Experience,  the  foundation  of  natural 
knowledge,  1 

active  and  passive,  2 

deduced  from  experiment,  2 

Experiment,  use  of,  to  science,  1 
Exsiccation  in  the  air  pump,  141 
Extension,  measurement  of,  6 
Eye,  retention  of  visual  impressions 
by,  167 

Facts  and  ideas,  3 

connexion  of,  with  ideas,  4 

of  theories,  5 

Fahrenheit’s  thermometer,  107 

advantages  of  108 

Faraday,  Dr.,  compression  of  gases 

by,  57 

on  evaporation  from  mercury,  148 

liquefaction  of  gases  by,  160 

el  seq. 

on  electrical  induction,  245 

insulated  room  of,  249 

■ experimental  test  of  his  theory 

of  electrical  induction,  255 
specific  electric  induction  esta- 
blished by,  264 

differential  inductometer  of,  265 

definition  of  the  electiic  circuit 

by,  521 

proves  that  the  contact  of  dissi- 
milar metals  is  not  necessaiy  to 
the  voltaic  circuit,  523 

on  the  action  of  the  single  wire 

upon  the  magnetic  needle,  566 
el  seq. 

magneto-electricity,  founded  by, 

581 

experiments  on  the  gymnotus 

electricus  by,  597 

examination  of  the  hydrocarbons 

by,  676 

Fats,  616,  et  seq. 

Feathers,  electrical  excitation  by,  238 
Feld  spar,  53 

crystalline  characters  of,  97 

Ferment,  inorganic  parallel  of,  645 
Fermentation,  acetic,  651 

chemical,  vital,  and  mechanical 

hypotheses  of,  645 

lactic,  644 

putrefactive,  662 
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Fermentation,  saccharine,  G43 

vinous,  643 

Ferridcyanic  acid,  659 
Ferridcyanide  of  cliloiine,  658 

lead,  659 

potassium,  658 

Ferridcyanides,  659 
Ferridcyanogen,  658 
Ferrocyanic  acid,  658 
Ferrocyanide  of  copper,  658 

lead,  658 

potassium,  crystalline  character 

of,  97 

source  of,  369 

manufacture,  formula,  and 

properties,  657 

Ferro-cyanides,  means  of  obtaining, 
658 

Ferro-cyanogen,  electrolysis  of,  658 
Fibrin,  nature  and  properties  of,  619 

obtained  from  blood,  619 

vegetable,  619 

ultimate  analysis  of,  620 

formula  of,  621 

Fibrous  metals,  effect  of  vibration 
upon,  89 

Filtration,  action  of,  64 

Fire,  an  action,  not  an  element,  313 

chemical  definition  of,  360 

Fire-balloon,  invention  and  principle 
of,  127 

Fire-damp,  nature  of,  360 
Fish,  electric,  595 
Fixed  oils,  616 

destructive  distillation  of,  675 

Flame,  360  et  seq. 

direction  of,  126 

cause  of  the  form  of,  126 

passage  of  an  electric  charge 

through,  274 

disturbed  by  an  electric  point, 

281  note 

appearance  of,  in  oxygen  gas,  3 1 1 

chemical  definition  of,  360 

amount  of  light  from,  361 

cause  of  fonn  of,  361 

sections  of,  361  note 

effect  of  a blow-pipe  on,  362 

heat  of,  362 

not  essential  to  combustion,  362 

effect  of  cooling  the  combining 

gases  of,  363 

voltaic,  546 

Flameless  lamp,  363  note 
Flint,  nature  of,  414 

calcination  of,  414 

Flounder,  galvanization  of  a,  471 
Flowers,  symmetry  of  certain  parts  of, 
95 


Flowers  of  sulphur,  394 
Fluids,  elastic,  30 

pressure  of,  48  note 

gravitation  of,  48 

convection  of  heat  by,  1 26 

circulation  of,  126 

Fluor-spai’,  hardness  of,  53 

form  of  crystals  of,  81 

dissection  of,  85 

crystalline  character  of,  97 

source  of  fluorine,  392 

uses  of,  392 

phosphorescence  of,  460 

Fluoride  of  boron,  formation  and  pro- 
perties of,  418 

calcium,  formation  of,  392 

potassium,  formation  of,  392 

silicon,  formation,  properties,  and 

composition  of,  416 
Fluorine,  means  of  obtaining,  39 1 

properties  of,  392 

combination  with  boron,  418 

path  of,  in  the  voltaic  current,  526 

Fluosilicic  acid,  416 
Forbes,  Profi-.ssor,  on  the  polariza- 
tion of  heat,  228 
Force,  notion  of,  10 

origin  of  the  idea  of,  10 

definition  of,  11 

mechanical  1 1 

muscular,  1 1 

of  pressure,  1 1 

momentum  of,  11 

resistance  necessary  to  the  ex- 
ertion of,  13 

time,  an  important  element  in, 

16 

of  chemical  affinity,  1 9 

accumulation  of,  from  minute 

impulses,  45 

of  vibrations,  46 

measurement  of  the  cohesive,  46 

of  heterogeneous  adhesion,  58 

of  friction,  60 

of  elective  attraction,  77 

consistence  of  the  hj’pothesis  of 

spherical  and  spheroidal  crystal- 
line atoms,  with  the  laws  of,  94 

of  expansion  by  heat,  117 

circulation  of,  463 

electromotive,  488,  577 

electrolytic,  525 

electro-magnetic,  577 

catalytic,  645 

Forces  of  matter,  6 

acting  from  immoveable  points,  8 

in  equilibrio,  1 1 

balance  of,  12 

of  attraction,  13 
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Forces  of  repulsion,  13 

curious  question  concerning,  13 

molecular,  15 

polar,  15 

internal,  15 

external,  15 

action  common  to  all  central,  22 

df  homogeneous  attraction  and 

repulsion,  46 

analysis  of,  in  capillary  attraction, 

61 

general  theory  of  all  attractive 

and  repulsive,  233 

concuirence  of,  440 

direction  of,  466 

tangential  direction  of,  570 

Formiates,  625 

Formic  acid,  source,  properties  and 
formula  of,  625 

hydiated,  626 

produced  from  pyroxylic  spirit, 

656 

Formule,  hypothetical  radicle  of,  656 
Fossil  fuel,  formation  of,  676 
Fraxkmn,  Benjamin,  electrical  hy- 
pothesis of,  232 

identification  of  lightning  and 

electricity  by,  287 

liglitning  conductor  suggested 

by,  201 

on  animal  electricity,  602 

Fraxinus  ornus,  mannite  from,  615 
Free  charge  in  electricity,  262 
Freezing,  the  discovery  of  the  heat  lost 
by,  135 

in  vacuo,  140 

electricity  developed  by,  286 

Freezing  mixtures,  136 
Freezing-point,  method  of  obtaining, 
106 

Friction  of  glass,  effect  of,  14 

of  amber,  effect  of,  14 

conditions  of,  47 

laws  of,  60 

substances  that  diminish,  60 

as  a source  of  heat,  99 

combustion  from,  100 

as  a source  of  light,  165 

electrical  phenomena  induced  by, 

232 

familiar  instances  of  electrical 

excitation  by,  238 

decomposition  by  the  electricity 

of,  543 

Fringes  of  light,  185 
Frog,  galvanization  of  the,  470 
Fruits,  sugar  of,  615 
Fulminating  powder,  370 
Fulminic  acid,  method  of  obtaining, 
370 


Fulminic  acid,  composition  of,  370 

formula  of,  370 

Fumaria  officinalis,  acid  from,  626 
Fumaric  acid,  hydrated,  626 
Fur,  conduction  of  heat  by,  125 
Furnace,  highest  heat  of  a wind,  114 
Fusing  points  of  metals,  137 
Fusinieri,  M.,  on  the  electric  spark, 
271 

Fusion,  amount  of  heat  absorbed 
during,  137 

by  the  electrical  flame,  560 

Galena,  see  Sulphuret  of  Lead 
Galileo,  his  discovery  of  the  weight 
of  air,  30 

Gall-nut,  action  of,  upon  solution  of 
green  vitriol,  9 
Gallic  acid,  hydrated,  626 
Gallon,  grains  in  a gallon  of  water,  9 

capacity  of  the  imperial,  24 

Galvani,  first  facts  of  galvanism  by, 
470 

Galvanic  circuit,  induction  in  the 
single,  522 

Galvanism,  470  el  seq. 

Galvanometer,  467  et  seq. 

Dr.  Ritchie’s  torsion,  468  note 

Gas,  definition  of,  163 

boiling  of,  163 

equivalents  of,  determined  from 

the  specific  gravities  of,  351 
Gas-engine,  error  in  the  idea  of,  161 
Gaseous  compounds,  specific  gravity 
of,  found  from  their  equivalents 
upon  the  hydrogen  scale,  351 
Gaseous  matter,  low  conduction  of 
heat  by,  162 
Gases,  collection  of,  33 

table  for  collecting,  33  note 

water-bath  for,  34  note 

correction  of,  for  pressure,  37 

measurement  of,  38 

mercurial  bath  for,  38  note 

compressibility  of,  57 

distinguished  from  vapours,  57 

adhesion  of,  64  et  seq. 

solution  of,  70 

solution  of,  in  liquids,  7® 

action  of,  upon  vapours,  71 

diffusion  of,  74 

endosmose  and  exosmose  in,  74 

law  of  the  diffusion  of,  75 

diffusion-tube  for,  75 

to  separate  vapours  from,  78 

to  separate  mixed,  78 

increasing  dilatation  of,  by  heat, 

115 

correction  of,  for  moisture,  159 

et  seq. 
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Gases,  relation  of,  to  vapours,  IGO 

liquefaction  of,  160  et  seq. 

liquefaction  of,  by  heterogene- 
ous adhesion,  163 

table  of  the  liquefaction  of,  1 63 

refraction  of  light  by,  178 

electrical  powers  of,  267 

specific  insulating  power  over 

electricity,  274 

law  of  definite  and  multiple  pro- 
portions in  relation  to,  332 

light  from  the  combustion  of, 

360  et  seq. 

apparatus  to  saturate  water  with 

the  more  soluble,  375  note 

nascent  state  of,  441 

Gauges  for  measuring  the  rarefaction 
of  air,  39  note 

Gelatin,  source,  properties,  and  for- 
mula of,  621 
Generating  plates,  465 

relative  size  and  position  with 

respect  to  the  conducting  plates, 
481 

spherical,  483 

cylindrical,  487 

Gilbert,  Mr.,  foundation  of  electri- 
cal science  laid  by,  229 
Gilding  by  voltaic  electricity,  553 
Glacial  phosphoric  acid,  408 
Glass,  cohesion  of  the  surfaces  of,  15 

to  take  the  specific  gravity  of,  27 

hardness  of,  53 

elasticity  of,  53 

adhesion  of  air  to,  65 

adhesion  of  the  vapour  of  water 

to,  65 

solution  of,  in  water,  69 

expansion  of,  by  heat,  102 

mean  dilatation  of,  by  heat,  115 

conduction  of  heat  by,  121 

specific  heat  of,  1 33 

refractive  power  of,  over  light, 177 

dispersion  of  light  by,  182 

power  of  reflecting  light  in  pro- 
portion to  its  thickness,  191 

polarization  of  light  by,  199 

phenomena  presented  by  unan- 
nealed, 202 

transmission  of  heat  tlirough,  218 

diathermancy  of,  220 

calorific  coloration  of,  224 

electrical  powers  of,  231 

dialectricity  of,  235 

most  effectual  electrical  exciter 

of,  240 

specific  inductive  capacity  of,  265 

action  of  hydro-fluoric  acid  on, 

392 


Glass  fire-screens,  218 
Glass  tube,  linear  expansion  of,  by 
heat,  1 03  ' 

Glauber  Salts,  see  Sulphate  of  Soda 

crystalline  character  of,  97 

Glow,  electric,  277 
Glow-worm,  phos-phorescence  of,  461 
Glucinum,  symbol  and  equivalent  of, 
426 

Glue,  nature  of,  621 

Gluten,  means  of  obtaining,  615 

product  of  boiling  in  alcohol,  619 

Glycerin,  means  of  obtaining,  616 

properties  and  formula,  616 

source  and  formula  of,  618 

Gold,  crystalline  dissection  of,  86 

crystalline  character  of,  97 

linear  expansion  of,  by  heat,  103 

progressive  dilatation  of,  116 

conduction  of  heat  by,  121 

specific  heat  of,  133 

congealing  point  of,  137 

transmission  of  light  by,  175 

radiation  of  heat  by,  212 

electrical  conduction  by,  268 

malleability  of,  423 

symbol,  equivalent,  and  physical 

properties  of,  426 

solubility  of,  in  mercury,  427 

electrical  conduction  by,  549 

reduction  of,  by  light,  453 

Goniometer,  description  of,  82  note 

description  of  the  reflecting,  83 
note 

Graham,  Professor,  his  difiFusion  tube, 
75 

on  water  of  composition,  439 

on  the  hypothesis  of  amido- 

gen,  673 

Grape  sugar,  formula  of,  615 

organic  radicle  of,  61 1 

Graphite,  crystalline  form  of,  98 
Gravitation  overcome  by  electricity,  14 

attraction  of,  20 

action  of,  upon  the  pendulum,  23 

direction  of,  21 

of  solids,  48 

of  fluids,  48 

Gravity,  the  cause  of,  13 

in  relation  to  mass,  21 

laws  of,  22 

measurement  of  its  intensity,  22 

dilution  of,  upon  distant  masses, 

23 

variation  as  to  latitude,  23 

the  measure  of  the  force  of,  24 

effect  of  altitude  upon,  25 

Green  oxide  of  copper,  diathermancy 
of,  225 
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Green  vitriol,  divisibility  of,  9 

use  of,  in  the  formation  of 

sulphuric  acid,  397 

Grove,  Professor,  voltaic  battery 
of,  505 

Gulf  Stream,  cause  of,  129 
Gum,  formula  for,  613 

source  of,  614 

produced  from  starch,  616 

Gum  arabic,  source  and  formula  of,  615 
Gymnolus  electrious,  597 

electrolytic  and  magnetic 

effects  from,  598 

mode  of  destroying  its  food, 

599 

Indian  mode  of  fishing  for, 

599 

electrical  organ  of,  600 

Gypsum,  hardness  of,  53 

H.ematoxylin,  source  and  proper- 
ties of,  639 
Hair-hygrometer,  67 
Hansteen,  M.,  on  the  magnetic  poles 
of  the  earth,  301 

Hardness,  relation  to  density,  53 

determination  of,  53 

Hare,  Dr.,  voltaic  battery  by,  546 
Harris,  Mr.  Snow,  electrical  ma- 
chine by,  239  note 

cause  of  electrical  attraction 

shown  by,  253 

unit-jar  by,  260  et  seq. 

on  specific  electric  induction,  265 

on  electrical  insulating  power  of 

metals,  268 

electrical  balance  by,  283  note 

naval  lightning  conductor  by,  291 

HaUy,  M.,  cleavage  of  crystals  by,  84 

his  hypothesis  of  the  structure  of 

crystals,  89 

objections  to  his  hypothesis  of 

crystalline  forms,  91 
Hearing,  with  respect  to  musical  notes, 
44 

Heat  subservient  to  man,  2 

antagonist  to  cohesion,  17 

nature  of,  18 

action  of,  upon  the  power  of  sol- 
vents, 70 

— — as  a means  of  destroying  hetero- 
geneous adhesion,  77 
sources  of,  99 

from  friction,  unlimited  source  of, 

100 

chemical,  101 

electrical,  101 

physiological,  101 

expansive  power  of,  102  et  seq. 
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Heat,  measured  by  the  expansion  of 
air,  105 

measured  by  the  expansion  of 

liquids,  106 

measured  by  the  expansion  of 

solids,  1 10 

progressive  dilatation  by,  114 

conduction  of,  120  et  seq. 

equilibrium  of,  120 

equal  diffusion  of,  120 

relative  velocities  of  its  conduc 

tion,  121 

tolerance  of,  by  man,  123 

circulation  of,  125 

convection  of,  125 

difference  of,  from  temperature, 

130 

of  composition,  130 

specific,  131 

disengaged  by  compression,  134 

latent,  135 

absorption  of,  by  liquefaction,  136 

fixing  of,  by  the  still,  138 

considered  apart  from  matter,  164 

radiation  of,  165 

— causes  of  the  equilibrium  of,  1 65 

development  of  light  by,  166 

analogies  between  light  and,  208 

radiant,  208  et  seq. 

reflection  of,  210 

absorption  of,  211,  217 

refraction  of,  218 

transmission  of,  through  various 

bodies,  219 

the  most  intense  artificial,  219 

secondary  radiation  of,  219 

in  a low  condition  of  iutensity,21 9 

polarization  of,  228 

evolved  by  electrical  conduction, 

268 

evolved  by  electricity,  270 

electrical,  281  et  seq. 

electrical  effect  of,  upon  the  tour- 
maline, 286 

effect  of,  upon  magnetism,  304 

effect  of,  upon  chemical  combi- 
nations, 312 

effect  of,  upon  the  action  of 

nitrous  acid  upon  light,  336 
influence  of,  in  chemical  combi- 
nations, 342 

influence  of,  upon  afiinity,  450 

hypothetical  qualities  of,  459 

phosphoric  light  developed  by,  460 

effect  of,  on  the  voltaic  battery, 

506 

effect  of,  on  the  conduction  of 

voltaic  electricity,  547 

effect  of,  upon  dielectrics,  548 

3 B 
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Heat,  effect  of  disturbing  the  equal 
flow  of,  554 

produced  by,  the  voltaic  cui-rent, 

559 

action  of,  on  albumen,  619 

hypothesis  of  the  matter  of,  680 

Heating  machinery  in  America,  100 

of  buildings  by  steam,  138 

Heavy  oil  of  wine,  649 
HeUx,  electro-magnetic,  563 
Henley’s  quadrant  electrometer,  260 
note 

Henry,  Dr.,  measurement  of  latent 
heat  by,  1 44 

on  electro-magnetic  action,  590 

Herschel,  Sir  John,  on  science,  2 

on  hypotheses,  5 

on  force,  10 

on  the  effects  of  matter,  12 

on  the  velocity  of  light,  171 

experiments  on  the  solar  spec- 
trum by,  181 

on  the  temperature  of  the  solar 

spectrum,  181 

on  the  hydrogen  scale,  350 

the  crysotypic  art  of,  459 

on  the  relative  chemical  action  of 

different  solar  rays,  456  et  seq. 

on  the  connexion  of  the  sciences, 

694 

on  the  privileges  of  theories,  694 

Heterogeneous  adhesion,  58  et  seq. 

friction,  a form  of,  60 

usual  means  of  destroying,  77 

liquefaction  of  gases  by,  163 

Heterogeneous  attraction,  19 

highest  degree  of,  19,  306 

Heterogeneous  substances,  frictions 
between,  47 

Hevcea,  caoutchouc  from,  636 
Hexahedral  prism,  figure  of,  81 
Homogeneous  attraction  or  cohesion, 
15,  46  et  seq, 

cohesion,  see  Cohesion. 

repulsion,  46  et  seq. 

substances,  friction  between,  47 

Honey  sugar,  formula  of,  615 
Hops,  oil  of,  634 
Horseradish,  oil  of,  634 
Hothouses,  heating  of,  by  means  of 
water,  126 

Howard,  Mr.,  on  boiling  synip  in 
vacuo,  141 

Human  fat,  acid  from,  618 
H UMBOLDT,  Baron  de,  observation 
on  atmospheric  pressure  by,  42 

on  the  Gymnolus  eleclricus,  599 

Humectation,  evolution  of  heat  by,  59 
Honteb,  John,  on  tlie  Gymnotus 
electricus,  600 


Hutton,  Dr.,  his  liygrometer,  155 
Hydrate  of  potassa,  360 
Ilydi’ated  oxides,  429 
Hydrates,  definition  of,  429 

of  phosphoric  acid,  constitution 

of,  410,  435 

of  fatty  acids,  618 

of  the  organic  acids,  626 

Hydriodate  of  potassa,  action  of,  on 
photographic  paper,  458 
Hydriodic  acid,  formation  of,  388 

properties  of,  389 

composition  of,  389 

action  of  chlorine  on,  389 

Hydro-bromic  acid,  386 

composition  of,  386 

properties  of,  386 

action  of  potassium  on,  386 

Hydro-carbon,  chloride  of,  383 

of  ether  and  alcohol, theories  of, 647 

Hydrochlorate  of  morphia,  composition 
of,  628 

Hydrochlorates,  376 
Hydrochloric  acid,  method  of  obtain- 
iug,  374 

properties  of,  374 

decomposition  of,  375 

action  of,  upon  the  metallic 

oxides,  429 

action  of,  on  oxide  of  zinc,  433 

Hydro-cyanic  acid,  refraction  of  light 
by,  178 

method  of  obtaining,  367 

properties  of,  367 

analysis  of,  368 

compound  with  ammonia,  368 

combination  with  oxygen  bases, 

369 

vegetable  sources  of,  665 

Hydro-electric  current  compared  with 
the  thermo-electric,  558 

intensity  of,  559 

Hydro-fluoric  acid,  formation  of,  392 

properties  of,  392 

action  of  potassium  on,  392 

action  on  glass,  392 

composition  of,  393 

Hydro-saliculic  acid,  669 
Hydro-selenic  acid,  formation  of,  404 

properties  of,  404 

constitution  of,  404 

Hydro-sulphocyanic  acid,  661 
Hydi'o-sulphuric  acid,  formation  of,  394 

properties  of,  394 

decomposition,  394 

conipusition  of,  395 

action  of,  upon  the  metallic 

oxides,  430 

Hydrogen,  specific  gravity  of,  34 
mixture  of,  with  oxygen,  73 
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Hydrogen,  diffusiveness  of,  75 

specific  heat  of,  133 

refraction  of  light  by,  178 

specific  insulating  power  over 

electricity,  274 

obtained  from  water,  320 

properties  of,  321 

detonating  mixture  witli,  321 

musical  combustion  of,  321 

balloons  filled  with,  322 

combustion  of,  with  oxygen,  324 

products  of  combustion  of,  in 

atmospheric  air,  324 

means  of  union  with  oxygen,  327 

action  of,  upon  the  oxides  of 

nitrogen,  333 

combination  with  nitrogen,  339 

considered  as  the  standard  for  the 

expression  of  chemical  equiva- 
lents, 349 

compounds  of,  with  oxygen,  354 

liquid  peroxide  of,  355 

compounds  of,  with  carbon,  358 

sub-carburetted,  359 

light  and  heat  of  flame  of,  362 

compound  of,  with  cyanogen,  367 

combination  with  chlorine,  374 

combination  with  bromine,  386 

combination  with  iodine,  388 

combinations  with  sulphur,  394 

combination  with  selenium,  403 

combinations  with  phosphorus,411 

arseniuretted,  431 

affinity  of,  for  the  metals,  431 

considered  as  an  acidifying  ele- 
ment, 433 

combination  with  chlorine,  456 

hypothetical  relation  of,  to  metals, 

481 

course  of,  in  the  voltaic  circuit, 

481,  526 

oxynitrion  of,  539 

Hydrogen  scale,  table  of  equivalents 
on  the,  350 

Hydrogenium,  symbol  and  equivalent 
of,  426 

Hydrometer,  description  of,  28 
Hydrostatical  paradox,  description  of, 
49  Tiote 

Hydruret  of  antimony,  431 

arsenic,  431 

benzule,  668 

salicule,  artificial  formation  of,  669 

tellurium,  431 

Hydrurets,  431 

Hygrometer,  human  hair  as  an,  66 

of  De  Saussure,  67  note 

described,  152  et  seq. 

the  wet  bulb,  155 


Hygi'ometric  scale,  l54 
Hygroscopes,  66,  151  et  seq. 
Hypo-acids,  definition  of,  338 
Hypo-chlorous  acid,  properties  of,  378 

analysis  of,  379 

mixture  with  hydrogen,  379 

Hypo-nitrite  of  ethule,  650 
Hyponitrous  acid,  discovery  of,  337 
Hypo-phosphorous  acid,  formula  of,  407 
Hypo-sulphate  of  baryta,  formation  of, 
399 

Hypo-sulphites,  character  of,  399 

use  of,  in  photography,  454 

Hypo-sulphuric  acid,  formation  of,  399 
Hypo-sulphurous  acid,  formation  of,  399 

— properties  of,  399 

composition  of,  400 

Hypotheses,  formation  of,  4 

use  of  analogy  in  forming,  5 

legitimate  use  of,  6 

use  of  false,  35 

practical  lesson  upon  the  use  of, 

208, 

Ice,  specific  gravity  of,  34 

crystalline  characters  of,  97 

refraction  of  light  by,  178 

coloured  rings  produced  by,  201 

diathermancy  of,  222 

Iceland  spar,  refraction  of  light  by,  192 

polarization  of  light  by,  1 99 

diathermancy  of,  222 

Ideas,  innate,  1,  note 

necessary  to  facts,  4 

Idocrase,  crystalline  character  of,  97 
Illumination,  sources  of,  compared,  172 
Indelible  ink,  453 
Indian  rubber,  636 

Indigo,  refrangibUity  of  the  colour,  181 

as  a test  for  chlorine,  373 

sources  and  properties,  637 

decomposition  of,  638 

formula  of  the  vapour  of,  638 

metallic  lustre  of,  638 

Indigofera,  dye  from  the  genus,  637 
Induced  electricity,  244 
Inducteous,  definition  of,  244 
Induction,  electrical,  244 

electro- magnetic,  562,  590 

magnetic,  295 

magneto-electric,  583 

mental  process  of,  4 

volta-electric,  582 

Inductive  magnetic  power  of  the  earth, 
585 

reasoning,  4 

Inertia,  definition  of,  9 
Inflammable  substances,  refraction  of 
light  by,  177 

3 n 2 
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Inflammation  not  essential  to  com- 
bustion, 362 
Inflection  of  light,  18G 
Inorganic  acids  in  organization,  621 
Insensible  heat,  135 
Instantaneous-light  machine,  452 
Insulating  electrical  media,  thickness 
of,  251 

Insulators,  table  of  electrical,  235 

definition  of  electrical,  268 

Interference  of  light,  186 

illustrated  by  thin  plates,  189 

familiar  phenomena  of,  189 

Inulin,  som-ce  and  formula  of,  615 
Invariable  pendulum,  isochronous  os- 
cillations of  the,  23 
Iodic  acid,  formation  of,  390 

properties  of,  390 

composition  of,  390 

Iodide  of  benzule,  668 

mercury,  change  in  the  internal 

structure  of  crystals  of,  99 

nitrogen,  properties  of,  390 

composition  of,  391 

potassium,  electrolysis  of,  541 

silver,  action  of  light  on,  455 

sodium,  a source  of  hydriodic 

acid,  389 
Iodides,  388,  429 
Iodine,  properties  of,  387 

sources  of,  388 

effect  of,  upon  light,  388 

bleaching  powers  of,  388 

action  of,  on  starch,  388 

combination  with  hydrogen,  388 

combinations  with  metals,  388 

combinations  with  oxygen,  389 

combinations  with  nitrogen,  390 

path  of,  in  the  voltaic  current,  526 

lodous  acid,  formation  of,  390 
Ions,  definition  of,  527 
Iridescent  colours  explained,  189 
Iridium,  symbol,  equivalent,  and  phy- 
sical characters  of,  426 
Iron,  extreme  divisibility  of,  9 

magnetized  by  friction,  14 

hardness  of,  53 

dissection  of  the  fibres  of  pure 

malleable  bar,  87 

change  of  fibrous  into  crystalline, 

by  vibration,  89 

expansion  of,  by  heat,  102 

temperature  of  melting  cast,  1 14 

— — mean  dilatation  of,  by  heat,  115 

conduction  of  heat  by,  121 

specific  heat  of,  133 

congealing  point  of,  137 

— radiation  of  heat  by,  212 

electrical  conduction  by,  268 

magnetized  by  induction,  295 


Iron,  symbol,  equivalent,  and  physical 
properties  of,  426 

carburet  of,  431 

protosulphate  of,  434 

sesquisulphate  of,  434 

electrical  conduction  by,  549 

sesqui-ferrocyanide  of,  659 

atomic  weight  of,  obtained  by 

the  laws  of  isomorphism,  688 

oxides  isomorphous  with  the 

oxides  of,  689 

relation  of,  to  carbon,  693 

Iron  pyrites,  crystalline  character  of,  97 

dimorphism  of,  98 

source  of  selenium,  401 

Iron-stone,  reduction  of,  421 
Irvine,  Dr.,  on  latent  heat,  137 
Isatin,  source  and  foi-mula,  640 
Isatis  iinctoria,  dye  from,  637 
Isochronous  oscillations,  23 

vibrations,  44 

Isomerism,  phenomena  of,  366 

relation  of,  to  the  atomic  theory, 

693 

Isomorphism  in  relation  to  the  atomic 
theory,  688 

Isomorphous  bodies,  forms  and  dimen- 
sions of  the  molecules  of,  691 

oxides,  689 

Itaconic  acid,  626 

Jar  for  collecting  gases,  33  7iote 
Jairopha  elastica,  caoutchouc  from,  636 
Jelly,  animal,  621 

vegetable,  614 

Jervia,  source  and  fonnula  of,  630 
Juniper,  oil  of,  634 

Kalium,  see  Potassium. 

Kelp,  uses  of,  387 
Kinic  acid,  hydrated,  626 
Kite,  Franklin’s  electrical,  288 
Knowledge  of  nature,  source  of,  1 

■ intuitive,  1 note 

elements  of,  4 

derived  from  touch,  6 

Kopp,  M.  Hermann,  comparison  of 
the  atomic  volumes  of  isomor- 
phous bodies,  by,  691 

La  Place,  M.,  his  calorimeter,  132 
Lac,  colour  from,  640 
Lactic  acid,  sources,  properties,  and 
formula  of,  624 

hydrated,  626 

Lactic  fermentation,  644 
Lamp,  the  flameless,  363  note 
Lamp-black,  radiation  of  heat  by,  212 
Lampic  acid,  formation  of,  451 
Lamps,  essential  conditions  of,  362 
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Lantanuni,  426 

Latent  heat,  130,  135  et  seq. 

recovery  of,  137 

of  liquids,  137 

measurement  of,  144 

of  steam,  145 

of  vapours,  145 

force  of  the  retention  of,  160 

Lateral  electrical  discharge,  270 
Laugliing  gas,  331 
Lauro-cerasus,  leaves  of,  667 
Laurus  camphora,  product  of,  633 
Lavender,  oil  of,  633 
Lavoisier,  M.,  his  calorimeter,  132 
Laws,  exceptions  to  natural,  130 

evolution  of,  4 

Le  Blakc,  M.,  on  increasing  the  size 
of  crystals,  80 

Le  Roi,  M.,  on  the  hygrometer,  152 
Lead,  cohesion  of  the  surfaces  of,  15 

strength  of,  47 

hardness  of,  53 

expansion  of,  by  heat,  102,  103 

progressive  dilatation  of,  116 

conduction  of  heat  by,  121 

congealing-point  of,  137 

latent  heat  of,  137 

electrical  conduction  by,  268,  549 

symbol,  equivalent,  and  physical 

properties  of,  426 

dinoxide  of,  429 

atmospheric  action  on,  441 

ferrocyanide  of,  658 

ferridcyanide  of,  659 

sulphocyanide  of,  661 

Lemon-rind,  oU  from,  634 
Lenses  and  prisms,  179 
Leslie,  Sir  J.,  his  method  of  taking 
the  specific  gravity  of  porous 
bodies,  39 

diflferential  thermometer^,  by, 

105  and  note 

on  atmospheric  rarefaction, 

134 

method  of  freezing  water  in 

common  atmospheric  pressure,  by, 
140 

his  hygrometer,  155 

on  absorption  of  heat,  211 

Levigation,  efiect  of,  upon  cohesion,  69 
Leyden  jar,  description  of,  258  et  seq. 

quantity  of  electricity  in,  259 

intensity  of  electricity  in,  260 

use  of  coatings  to,  263 

cause  of  the  charge,  263 

Dr.  Faraday’s  modification 

of,  264 

residual  charge  of,  267 

chai'ged  from  a cloud,  288 

Lichens,  oxalic  acid  in,  621 


Lichens,  colouring  matters  obtained 
from,  639 

Liebig,  Dr.,  system  of  chemical  nota- 
tion by,  353 

apparatus  for  organic  analysis 

by,  609  note 

on  destructive  distiUation,  677 

Light,  radiation  of,  22 

reflection  of,  used  to  measure  the 

angles  of  crystals,  83 

sources  of,  165 

phenomena  and  laws  of,  1 65  et  seq. 

solar,  165 

developed  from  heat,  166 

developed  by  electricity,  166 

developed  by  animal  functions, 

166 

physiological  relations  of,  167 

medium  of,  1 68 

hypotheses  of,  168 

analogous  to  sound,  1 69 

velocity  of,  170 

pencil  of  rays  of,  170 

direction  of  the  rays  of,  171 

law  of  the  decrease  of,  171 

transmission  of,  171 

measurement  of,  172 

reflection  of,  173  et  seq. 

diffusion  of,  175 

use  of  scattered,  175 

secondary  radiation  of,  175 

refraction  of,  176 

refractive  media  of,  178 

secondaiy  refraction  of,  1 80 

total  reflection  of,  180 

in  relation  to  colour,  180 

decomposition  of,  180 

synthetical  proof  of  its  composi- 
tion, 182 

absorption  of,  1 84  et  seq. 

decomposition  of,  by  absorption, 

184 

diffi-action  of,  185 

fringes  of  coloured,  185 

interference  of,  186 

ordinary  refraction  of,  192 

double  refraction  of,  192 

polarization  of,  1 94  et  seq. 

bipolarization  of,  199 

analogies  between  heat  and,  208 

electrical,  238,  281  etseq. 

from  a heated  tourmaline,  285 

action  of  nitrous  acid  upon,  336 

of  flame,  cause  of,  361 

action  of  bromine  on,  385 

action  of  iodine  on,  388 

action  of,  on  the  oxide  of  gold, 

428 

influence  of,  upon  crystallization, 

452 
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Light,  action  of,  on  molecular  arrange- 
ment, 455 

phosphoric,  460 

animal,  460 

■  absorption  with  retention  of,  460 

influence  of,  on  vegetation,  460 

developed  by  heat  without  com- 
bustion, 460 

from  vegetable  decomposition,  461 

from  animal  decomposition,  461 

voltaic,  546 

Lightning,  identified  with  electricity, 
287 

extent  of  a flash  of,  289 

representation  of  the  path  of, 

289  note 

danger  of,  290 

course  of,  290 

Lightning-conductors,  291  et  seq. 
Lignin,  formula  for,  613 

nature  of,  614 

nature  and  formula  of,  615 

action  of  sulphuric  acid  on,  616 

destructive  distillation  of,  675 

Lime,  solubility  of,  in  water,  70 

properties  of,  315 

action  of  atmospheric  air  on,  316 

compound  with  sugar,  612 

Lime-water,  action  on  carbonic  acid, 
318 

Linear  dilatation  from  the  freezing  to 
the  boiling-point  of  water,  103 
Lines,  nodal,  45 

solar-spectral,  183 

Lint,  conduction  of  heat  by,  125 
Liquefaction  of  carbonic  acid,  57 

of  atmospheric  air,  57 

: heat  lost  during,  135 

a cooling  process,  138 

of  gases  by  pressure,  160 

, of  gases  by  cold,  1 60 

of  gases,  risk  of,  162 

■  of  gases,  table  of  the,  163 

of  gases  by  heterogeneous  adhe- 
sion, 163 

Liquid  conduction  of  current  affinity, 
492 

Liquid  conductor  of  electricity,  to  find 
the  area  of  the  efficient  section  of, 
489  et  seq. 

Liquids,  prevailing  force  in,  16 

methods  of  taking  the  specific 

gravity  of,  26 

state  of  cohesion  in,  48 

elasticity  of,  54 

compressibility  of,  54 

properties  of,  55 

viscosity  of,  56 

filtration  of,  from  liquids,  64 

adhesion  of  gaseous  matter  to,  67 


Liquids,  solution  of  solids  in,  68 

saturation  of,  with  gases,  70 

solution  of  gases  in,  70 

action  of  liquids  upon,  71 

to  recover  a solid  from  its  solution 

in  a,  77 

expansion  of,  by  heat,  102 

— — measurement  of  heat  by  the  ex- 
pansion of,  106 

expansion  of,  compared  with 

that  of  solids,  1 18 

conduction  of  heat  by,  122 

convection  of  heat  by,  125 

mean  temperature  of,  130 

capacity  of,  for  heat,  131  e<  seq. 

rise  of  temperature  upon  the 

mixture  of  certain,  134 

latent  heat  of,  1 37 

congelation  of,  138 

influence  of  the  atmosphere  upon 

the  boiling  of,  139  ■ 

boiling  of,  at  great  altitudes,  142 

hoiUng-points  of,  ] 39,  144 

loss  of  their  cohesion  with  reten- 
tion of  gravity,  149 

transition-point  of,  into  vapours, 

164 

action  of  adhesion  in,  441 

voltaic  convective  power  of,  526 

law  of  conducting  electricity  by, 

550 

inequality  of  expansion,  683 

Litharge,  irregular  contraction  of 
melted,  94 

irregular  crystallization  of,  94 

Lithium,  symbol  and  equivalent  of,  426 
Litmus  of  commerce,  639 
Loadstone,  properties  of,  1 4 

cause  of  the  permanence  of  the 

magnetic  force  in,  298 

armature  of,  304 

Loaf-sugar,  imperfect  crystallization 
of,  78 

Logwood,  colouring  matter  of,  639 
Lorenztni,  Stzphano,  on  the  tor- 
pedo, 595 

Luminous  rays  compared  with  calorific, 
224 

sifted  from  calorific,  226 

Lussac,  M.  Gay,  on  the  expansion  of 
aeriform  matter  by  heat,  1 19 

discovery  of  hypo-nitrous  acid 

by,  337 

on  the  expansion  of  liquids,  683 

Madder,  638 
Madder  purple,  639 
Madder  red,  means  of  obtaining,  638 
Magnesium,  symbol  and  equivalent  of, 
426 
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Magnet,  derivation  of  the  teiTn,  14 

formation  of  an  ai'tificial,  14 

early  use  of,  293 

effect  of  induction  upon,  296 

forces  of,  illustrated  by  the  elec- 
tricity of  the  tourmaline,  297 

effect  of  the  division  of,  297 

permanent,  298 

measurement  of  the  power  of,  298 

note 

construction  of,  299 

keeper  of,  299 

formed  by  terrestrial  induction, 

303 

effect  of  heat  upon  a,  304 

effect  of  cold  upon,  305 

influence  of,  upon  electrical  cur- 
rents, 569 

■  rotation  of,  569 

M.  Ampehe’s  hypothesis  of  the 

constitution  of  the,  571 

magnetic  electric  induction  by, 

582 

■  formed  by  a hoUow  helix,  583 

Magnetic  actions,  concentration  of,  562 

i in  relation  to  current  electri- 

< city,  570 

upon  particles,  297 

attraction  and  repulsion,  294 

by  induction,  295  note 

intensity  of  the  force  of,  303 

attractions  and  i-epulsions  reduced 

to  revolving  motions,  567 

batteries,  construction  of,  299 

boreal  and  austral  fluids,  305 

consecutive  poles,  295 

currents,  terrestrial,  573 

dip,  annual  variation  of,  332 

dipping  needle,  301  note 

directive  needles,  301 

induction  in  the  direction  of, 

303 

elements,  hypothesis  of,  572 

equator,  coincidence  of,  with  the 

terrestrial,  301 

forces,  action  of,  upon  metallic 

moleciUes,  297 
hypotheses,  305 

■  induction,  295 

of  soft  iron,  295 

distinguished  from  electric,  296 

law  of,  296 

by  contact,  298 

by  friction,  298 

polarity  of,  retained  by  me- 
chanical force,  298 

■  increased  by  vibration,  303 

intensity  of,  564 

keeper,  299 
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Magnetic  needle,  polarity  of,  disturbed 
naturally  and  artificially,  293 

dip  of,  300  et  seq. 

action  of  terrestrial  magnetism 

upon,  300 

means  of  supporting  the,  300 

note 

variations  of,  with  respect  to 

time  and  place,  301 

diurnal  variations  of,  302 

sudden  synchronous  occasional 

disturbances  of,  302 

action  of  the  conducting  wire 

on,  466 

effect  of  the  conducting  wire 

on,  561 

rotation  of,  567 

effect  of  arresting  the  voltaic 

current  \ipon  the,  581 

polesof  magnetized  ironfilings,297 

poles  of  the  earth,  30 1 

power  of  the  voltaic  current,  570 

repulsion,  intensity  of  the  force 

of,  303 

storms,  302 

Magnetism,  science  of,  293  et  seq. 

attractions  of,  294 

repulsions  of,  294 

transmission  through  matter,  295 

induction  of,  295 

law  of  the  induction  of,  296 

induced  by  friction,  298 

to  saturate  steel  with,  298 

induced  by  contact,  298 

measurement  of,  298  wote 

terrestrial,  300 

measurement  of  the  intensity  of, 

303 

influence  of  heat  upon,  304 

hypotheses  of,  305 

boreal  and  austral  fluids  of,  305 

effect  of  cold  upon,  305 

M.  Ampere’s  hypothesis  of,  573 

Magnetized  bar,  attractive  j)ower  of,  294 

phenomena  from  an  imperfect, 

295 

iron  filings,  poles  of,  297 

JIagneto-electric  battery,  588 

induction,  583 

machine,  description  of,  586 

and  note 

effects  of  voltaic  currents  bv, 

587 

Magneto-electricity,  science  of,  581 
Malffiic  acid,  626 
Malic  acid,  hydrated,  626 
Malleability,  examples  of,  54 

of  the  metals,  423 

Malt,  diastase  of,  643 
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Man,  value  of  his  common  experience, 
2 

his  sense  of  touch,  6 

atmospheric  pressure  on,  41  e^  seq. 

effect  of  barometric  oscillations 

on,  42 

his  tolerance  of  heat,  123 

his  tolerance  of  cold,  123 

Manganese,  symbol,  equivalent,  and 
physical  properties  of,  426 

protoxide  of,  428 

peroxide  of,  428 

obtained  by  current  affinity,  4^9 

atomic  weight  determined  by  iso- 

moi’phism,  689 
Manganic  acid,  690 
Manna,  product  of,  614 
Mannite,  formula  and  properties,  614 

source  and  formula  of,  615 

Maple  sugar,  formula  of,  615 
Marble,  conduction  of  heat  by,  121 
Iklargaric  acid,  means  of  obtaining,  617 

source  and  formula,  618 

Margarin,  616 

means  of  separating  it  from 

stearin,  617 

formula  of,  617 

Margai-ule,  supposed  oxides  of,  618 
Mariner’s  compass,  early  knowledge 
of,  by  the  Chinese,  293 

istm’bance  of,  by  electricity, 

293 

Mahiotte’s  experiment  with  air,  31 
note 

Mason,  Dn.,  his  hygroscopic  appara- 
tus, 155  note 

Mass  of  matter,  in  respect  of  gi-avity,  22 
Mathematics,  independent  of  observa- 
tion, 2 
Matter,  1 

forces  of,  6,  8 

sensible  properties  of,  6 

origin  of  our  first  Imowledge  of,  6 

different  forms  of,  7 

constitution  of,  7 

Newton’s  hypothesis  of,  7 

Boscovich’s  hypothesis  of,  7 

porosity  of,  8 

states  of,  9 

divisibility  of,  9 

at  rest,  9 

■ in  motion,  10 

elasticity  of,  12,  29 

repulsions  among  the  atoms  of,  13 

atti'actions  between  the  atoms  of, 

13 

sensible  properties  of,  18 

affinity  between  the  particles  of, 

19 


Matter,  gravitation  of,  20 

velocity  of,  in  vacuo,  21 

specific  gravity  of,  26 

three  physical  states  of,  47 

the  three  physical  states  of,  52 

kind  of,  detennined  by  form  of 

crystals,  80 

effect  of  heat  upon,  102 

capacity  of,  for  heat,  131 

heat,  latent,  in,  135 

emanations  of  light  from,  165 

emanations  of  heat  from,  165 

self-luminous,  166; 

analysis  of,  by  light,  206 

diaphanous,  220 

diathermous,  220 

athermous,  220 

electricity  of,  228 

pei-meability  of,  to  magnetic  in- 
fluence, 295 

ancient  errors  on  the  constitution 

of,  307 

undecomposed,  310 

fundamental  laws  of  the  compo- 
sition of,  325 

combination  of,  in  definite  vo- 
lumes, symbolically  represented, 
326  note 

primary  compounds  of,  350 

secondary  compounds  of,  351 

theories  of  the  divisibility  of,  678 

hypothesis  of  tlie  structure  of, 

680 

Maximum  density  of  water,  129 
Meadow  sweet,  oil  of  the  flowers  of, 
634,  669 

Measure,  the  standard,  of  this  country, 
24 

Mechanical  force,  1 1 
imperfect  destruction  of  cohe- 
sion by,  50 

— development  of  electricity  by, 

285 

Meconic  acid,  hydrated,  626 
Medals,  art  of  copying,  552 
Media,  density  of,  in  relation  to  the 
velocity  of  light,  I7I 
Medium  of  light,  168 

propagation  of  sound  through  a 

solid  elastic,  169 

Melloni,  M.,  on  the  transmission  of 
heat,  219 

Mental  process  of  study,  3 

induction,  4 

deduction,  5 

Mercurial  bath  described,  38  note 

thermometer,  limit  to  the  use  of, 

110 

coirection  of  dilatation  in,  115 
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Mercury,  use  of,  in  the  barometer,  30 

compressibility  of,  55 

heterogeneous  adhesion  of,  59 

capillary  action  upon,  62 

■ dissection  of  tin  by,  88 

for  thermometric  purposes,  109 

conduction  of  heat  by,  123 

capacity  of,  for  heat,  131 

specific  heat  of,  133 

congealing-point  of,  137 

boiling-point  of,  144 

spontaneous  evaporation'from,148 

freezing  of,  by  liquid  cai’bonic 

acid,  162 

heat  required  for  its  combination 

with  oxygen,  312 

red  precipitate  of,  312 

deuto-cyanide  of,  369 

fulminates  of,  370 

chlorides  of,  377 

symbol,  equivalent,!  and  physical 

properties  of,  426 

proto-nitrate  of,  434 

— deuto-nitrate  of,  434 

characters  of  the  vapour  of,  481 

Meta-gaUic  acid,  hydrated,  626 
Meta-phosphoric  acid,  409 
Metal,  an  hypothetical,  480 
Metallic  elements,  characters  of,  426 

lustre,  cause  of,  423 

oxides,  428 

thermometers,  110 

Metals,  dissection  of,  88 

‘increasing  dilatation  of,  by  heat, 

*115 

application  in  the  arts  of  their 

dilatation  by  heat,  116 

conduction  of  heat  by,  120  et  seq. 

congealing-points  of,  137 

reflection  of  light  by,  174 

radiation  of  heat  by,  213 

electrical  conduction  by,  268 

heat  evolved  by,  during  electrical 

conduction,  268 

resistance  of,  to  electricity,  269 

magnetic  polarity  of,  304  " 

solution  of,  306 

combinations  with  nitric  acid,  337 

combinations  with  cyanogen,  367 

combinations  with  cyanic  acid,  369 

combinations  with  chlorine,  373 

combinations  with  hydro-chloric 

acid,  375 

• combinations  with  iodine,  388 

combinations  with  sulphur,  394 

combinations  with  phosphorus,  406 

affinity  of,  for  oxygen,  420 

earths  of,  420 

— >—  reduction  of,  421 


Metals,  chai’actera  of,  422  et  seq. 

malleability  of,  423 

hardness  of,  423 

speciflc  gravities  of,  423 

ductility  of,  423 

chemical  characters  of,  424 

classification  of,  424 

symbols,  equivalents,  and  physical 

properties,  of  all  the,  426 

primary  combinations  of,  427 

alloys  of,  427 

action  of  metallic  vapours  on,  427 

conversion  of,  into  acids,  428 

oxides  of,  428 

combinations  with  oxygen,  428 

combinations  with  chlorine,  429 

combinations  with  bromine,  429 

combinations  with  iodine,  429 

combinations  with  sulphur,  429 

combinations  of,  with  carbon,  430 

combinations  with  phosphorus, 430 

combinations  with  selenium,  430 

combinations  of,  with  boron,  431 

combinations  of,  with  silicon,  431 

affinity  of,  for  nitrogen,  431 

affinity  of,  for  hydrogen,  431 

secondary  combinations  of,  431 

mutual  contact  of  diflTerent,  un- 
equal to  generate  a constant 
voltaic  current,  524 

path  of,  in  the  voltaic  current,  526 

arrested  in  the  voltaic  current, 

536 

resistance  to  the  voltaic  current 

offered  by,  548 

power  of  conducting  voltaic  elec- 
tricity, 548 

law  of  conducting  electricity  by, 

549 

thermo-electric  phenomena  on, 

555 

fused  by  the  constant  battery, 

560 

correspondence  of  atomic  weights 

and  specific  heats  in  the,  685 

isomorphous,  692 

Metamorphosis  of  organic  products, 
641  et  seq. 

Metamorphoses,  pyrogeneous,  674  et 
seq. 

Methule,  fojmula  of,  654 

hydrated  oxide  of,  654 

other  compounds  of,  655 

Methylic  ethei-,  655 
Microcosmic  salt,  437 
Milk,  sugar  of,  615 
Miner’s  safety-lamp,  364  note 
Mineral  kingdom,  basis  of,  413 
Mineral  springs,  constituents  of,  388 
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^Mineral  waters,  liydro-sulpliuric  acid 
in,  394 

Mines,  ventilation  of,  127 
MiTSCHERnicH  on  the  expansion  of 
crystals,  94 

isomorphism  established  by,  688 

Mixing,  loss  of  volume  upon,  72 
Mixture,  rise  of  temperatm'e  upon  the 
mixture  of  certain  liquids,  134 
Mixtures,  definition  of,  7l 

distinguished  from  solutions,  71 

Mohs,  system  of  crystallization  by,  96 
Moiree  metallique,  principle  of,  86 
Moisture,  effect  of,  upon  cohesion,  51 

measurement  of  atmospheric,  151 

Molecular  forces,  15 

arrangement,  effect  of  vibration 

upon,  46 

hypothesis  of  light,  1 68 

structure,  action  of  light  on,  455 

Molecules,  see  Atoms 

crystalline  arrangement  of,  89 

Molybdenum,  symbol,  equivalent,  and 
physical  characters  of,  426 

atomic  weight  and  density  of,  693 

iMomentum  of  forces,  1 1 

to  find  the  amount  of,  1 1 

accumulation  of,  24 

Monobasic  phosphates,  435 
Montgolfieh,  construction  of  the 
balloon  by,  127 
Morphia,  discovery  of,  627 

constitution  of,  628 

Mother-of-pearl,  colours  of,  explained, 
189 

Motion  of  matter,  9 

effect  of  arresting,  10 

effects  of  resistance  to,  10 

perpetual,  10 

science  of,  1 1 

deduced  from  forces,  1 1 

■ velocity  of,  1 1 

influence  on  affinity,  444 

Muedeb.,  example  of,  to  practical 
chemists,  677 
Multiple  proportions,  328 

with  respect  to  gases,  332 

Murexan,  664 
Murexid,  664 

Muriate  of  ammonia,  decomposition 
of,  447 

voltaic  product  of,  with  mer- 
cury, 480 

lime,  use  of,  in  freezing  mixtures, 

136 

Muriate  of  soda,  constitution  of,  432 
Muriates  and  chlorides,  376 
Muriatic  acid,  (see  Hydro-chloric  acid), 
374 


Muriatic  acid,  liquefaction  of,  163 

refraction  of  light  by,  178 

3 — specific  insulating  power  over 

electricity,  274 

Muriatic  ether,  formation,  properties, 
and  formida,  650 

Muschenbroek,  the  Leyden  Jar  of, 
259 

Muscles,  sense  of  touch  in,  7 
Muscular  force,  1 1 

overcome  by  elasticity,  12 

"resistance  essential  to,  13 

overcoming  cohesion,  1 6 

tissue,  basis  of,  619 

Mushroom  sugar,  015 

Musical  combustion  of  hydrogen,  321 

notes,  43 

mechanical  power  of,  45 

sounds,  mechanical  cause  of,  43 

visible  vibrations  of  a,  45 

Mustai'd,  oil  of,  034 
Myrica  cerifera,  wax  from,  636 

Naphtha,  volume  of  the  vapour  of,  164 

used  to  preserve  potassium,  421 

sources,  676 

properties  and  formula,  676 

Naphthaline,  means  of  obtaining,  675 

properties  and  formula,  676 

Narceia,  source  and  formula  of,  630 
Narcotina,  source  and  formula  of,  630 
Nascent  state  of  gases,  441 
Natronium,  see  Sodium 
Natural  laws,  evolution  of,  4 
Natural  organic  acids,  626 
Natural  philosophy,  preparation  for 
the  study  of,  2 

principles  of,  4 

Natural  science,  value  of  experience 
to,  1 

foundation  of,  1 

defined,  2 

errors  in  the  study  of,  3 

value  of  hypotheses  in,  4 

Needle,  magnetic  {see  Magnetism,  &c.) 
Negative  and  positive  electrical  states, 
232 

Nerves  of  electrical  organs,  600 
N ervous  power  of  electrical  animals,60 1 
Neumann,  M.,  on  capacities  of  atoms 
for  heat,  686 

Neutral  ai-seniate  of  soda,  438 

bases,  characters  of,  314 

crystallizable  principles,  table  of, 

632 

fatty  bases,  6 1 8 

principles,  631 

salts,  theory  of  the  constitution 

of,  434 
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Ne  w T 0 y,on  the  constitution  of  matter,? 
his  improvement  in  the  thermo- 
meter, 106 

coloured  rings  of,  189 

Nickel,  crystalline  dissection  of,  86 

crystalline  character  of,  97 

magnetic  property  of,  304 

symbol,  equivalent,  and  physical 

properties  of,  426 

obtained  by  current  affinity,  479 

Nichols’s  prism,  196 
Nicotia,  source  and  formula  of,  630 
Niepce,  M.,  fixation  of  photographs 
by,  454 

Nitrate  of  ammonia,  formation  of,  342 

reciprocal  proportions  of  the 

constituents  of,  343 

composition  and  decomposition 

of,  348  note 

equivalent  of,  351 

chemical  notation  of,  353 

Liebig’s  symbol  for,  353 

baryta,  action  of  sulphuric  acid 

on,  446 

bismuth,  crystalline  character  of, 

97 

copper,  constitution  of,  439 

lead,  electrolysis  of,  538 

lime,  decomposed  by  carbonate 

of  ammonia,  34? 

composition  and  decomposition 

of,  348  note 

equivalent  of,  351 

attraction  of,  for  water,  378 

potassa,  radicle  of,  435 

action  of  sulphuric  acid  on,  446 

electrolytic  name  of,  535 

silver,  action  of  light  on,  453 

electrolysis  of,  537 

soda,  crystalline  characters  of,  97 

Nitre,  crystalline  characters  of,  97 

phenomena  presented  by  crystals 

of,  subjected  to  the  action  of  po- 
larized light,  201 

sources  of,  329 

use  of,  in  the  manufacture  of  sul- 
phuric acid,  397 

Nitric  acid,  action  upon  copper,  19 

— boiling-point  of,  144 

latent  heat  of  the  vapour  of, 

145 

discovery  of,  329 

preparation  of,  329 

abstraction  of  oxygen  from, 

329  et  seq. 

constitution  of,  336 

action  of,  upon  hydrogen,  336 

combination  of,  with  water, 

336 


747 

Nitric  acid,  action  of,  upon  charcoal, 
337 

action  upon  vegetable  and 

animal  substances,  337 
action  of,  upon  oil  of  turpen- 
tine, 337 

action  of,  upon  metals,  337 

action  of,  upon  tin,  339 

action  of,  upon  iron,  339 

equivalent  of,  on  the  hydrogen 

scale,  350 

Liebig’s  symbol  for,  353 

product  of  its  action  upon  ve- 
getable substances,  357 

action  of,  on  phosphorus,  408 

Nitric  oxide,  {see  Deutoxide  of  Nitro- 
gen,) 332 

— composition  of,  by  volumes, 

333  note 

Nitrogen,  diffusiveness  of,  75 

specific  heat  of,  133 

refraction  of  light  by,  178 

effect  of,  upon  the  electric  brush 

discharge,  276 

properties  of,  309 

means  of  obtaining  it  from  atmo- 
spheric air,  309  et  seq. 

combination  with  oxygen,  328 

protoxide  of,  330,  331 

deutoxide  of,  332 

symbolical  expressions  of  the 

compounds  of,  with  oxygen,  337 

combination  with  hydrogen,  339 

source  of  organic,  348 

equivalent  of,  on  the  hydrogen 

scale,  350 

Liebig’s  symbol  for,  353 

compounds  of,  with  carbon,  364 

bi-carburet  of,  365 

proto-carburet  of,  366 

combination  with  clilorine,  381 

detonation  of  the  compounds  of, 

382 

chloride  of,  382 

combinations  with  iodine,  390 

— — — combination  with  phosphorus,  413 

phosphuret  of,  413 

affinity  of,  for  the  metals,  431 

hypothetical  constitution  of,  480 

course  in  the  voltaic  current,  540 

determination  of,  in  organic  ana- 
lysis, 610 

animal  sources  of,  656 

Nitrous  acid,  condensation  of,  336 

properties  of,  335 

composition  of,  by  volume, 

335 

effect  of  heat  upon  its  action 

upon  light,  336 
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Nitrous  acid,  equivalent  of,'  on  the 
hydrogen  scale,  350 
Nitrous  ether,  formation,  properties, 
and  formula  of,  650 
Nitrous  oxide,  see  Pi-otoxide  of  Nitro- 
gen 

composition  of,  331 

analysis  of,  331 

liquefaction  of,  163 

Nitrum  Jlammans,  330 
Nitruret  of  copper,  431 
Nitrurets,  431 

Nobili,  M.,  on  thermo-electricity,  556 
Nodal  lines  and  points,  45 
Nomenclature,  chemical,  334 

of  acids,  337 

of  salt-radicles,  435 

Non-alimentary  principles,  621  et  seq. 
Non-conductors  of  electricity,  234 
Non-metallic  elements,  372 
table  of  the  symbols,  equiva- 
lents, and  densities  of,  419 
Notation,  chemical,  352 
Nuclei  of  crystals,  79 
Nut  galls,  acid  from,  626 
iVwiP  vomica,  organic  base  from,  630 

Oak,  strength  of,  47 
Oblate  spheroidal  atoms,  objections  to 
the  hypothesis  of,  681 
Observation,  value  of,  in  'physical 
research,  1 

essential  to  science,  2 

common  errors  of,  8 

Ocean,  currents  of  the,  129 

a store  of  heat  in  the,  130 

Octohedral  octohedron,  91 

tetrahedron,  91 

Octohedron,  figure  of,  81 

probable  cause  of  a secondary, 

82 

formed  of  spherical  particles,  93 

axes  of  a regular,  96 

CEusted’s  experiments  on  compres- 
sibility, 54  and  55  in  note 

electro-magnetism  established  by, 

560 

Ohm,  Professor,  formula  of  voltaic 
force,  487,  507  et  seq. 

Oil,  expansion  of,  by  heat,  103 

conduction  of  heat  by,  123 

specific  heat  of,  133 

Oil  of  anise-seed,  fonnula  of,  634 

assafcetida,  634 

bitter  almonds,  formula  of,  634 

action  of  air  on,  668 

cassia,  dispersion  of  light  by,  182 

cinnamon,  fonnula  of,  634 

cummin-seed,  formula  of,  634 


Oil  of  elemi,  source  and  formula  of,  634 

hops,  634 

horseradish,  634 

juniper,  source  and  formula  of,634 

lavender,  formula  and  properties, 

633 

lemond-rind,  formula,  634 

meadow-sweet,formula  of,634,669 

mustard,  formula  of,  634 

nutmegs,  acid  from,  618 

onions,  634 

pennyroyal,  formula  of,  634 

roses,  formula  of,  634 

savine,  source  and  formula  of,  634 

spearmint,  formula  of,  634 

turpentine,congealing-pointof,137 

boiling-point  of,  144 

latent  heat  of  the  vapour  of, 

145 

sources  and  properties,  633 

vitriol,  397 

see  Sulphuric  acid 

wine,  649 

Oils,  volatile  or  essential,  632  et  seq. 

sweet  principle  of,  618 

derivation  of  resins  from,  635 

Olefiant  gas,  method  of  obtaining,  359 

properties  of,  359 

decomposition  of,  359 

Oleic  acid,  means  of  obtaining,  617 

source  and  formula,  618 

action  of  nitric  acid  on,  618 

product  of  distillation  of,  618 

Olive  oil,  congealing-point  of,  137 

Onions,  oil  of,  634 

Opacity,  cause  of,  in  crystals,  98 

caused  by  the  sun’s  rays,  99 

Opium,  salifiable  bases  from,  628 

organic  bases  from,  630 

Opposing  af&nity,  473,  492  et  seq. 

Optic  axes  of  crystals,  193 
Optics,  science  of,  166 
Orcein,  source  and  formula,  640 
Oi'cin,  source  and  means  of  obtaining, 
639 

properties  and  formula,  640 

Ores,  reduction  of  metallic,  421 
Organic  acids,  621  et  seq. 

artificial,  626 

natural,  626 

hydrates  of,  626 

analysis,  606  et  seq, 

bases,  627  et  seq. 

table  of,  630 

chemistry,  602  et  seq. 

elements,  603 

products,  metamorphosis  of,  641 

et  seq. 

classification  of,  612 
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Organic  radicles,  C04 
Organization,  acids  of,  621 
Oscillations  of  solid  bodies,  44 

of  the  barometer,  cause  of,  156 

Osmium,  symbol,  equivalent,  and  phy- 
sical charactera  of,  426 
Oxalamide,  discovery  of,  670 
Oxalate  of  ammonia,  means  of  obtain- 
ing, 670 

ethule,  651 

lime,  electrical  excitation  by,  238 

methule,  655 

potassa,  method  of  obtaining, 

358 

Oxalic  acid,  crystalline  character  of,  97 

methods  of  obtaining,  357  etseq. 

properties  of,  357 

action  of  sulphuric  acid  upon, 

357 

constitution  of,  357 

formula  of,  358 

— abstraction  of  water  from,  433 

natirral  sources  of,  621 

hydrated,  626 

Oxalic  ether,  formation,  properties 
and  formula,  651 
Oxalis  acetosella,  salt  in,  358 
Oxidation,  means  of  producing  the 
maximum  state  of,  337 
Oxide  of  ammonium,  480 

benzule,  668 

copper,  diathermancy  of  the 

green,  225 

ethule,  648 

see  Ether 

iodine,  formation  of,  389 

iron,  reduction  of,  440 

lead,  compound  of,  with  sugar, 

612 

compound  of,  with  starch, 

613 

phosphorus,  formation  of,  407 

properties  of,  408 

hydrate  of,  408 

of  silver,  affinity  of,  for  water, 

438 

Oxides,  radiation  of  heat  by,  213 

definition  of,  334 

obtained  by  combustion,  420 

reduction  of,  420 

characters  of  the  metallic,  428 

et  seq. 

action  of  hydrochloric  acid  on 

the  metallic,  429 

action  of  the  hydrosulphuric  acid 

on  the  metallic,  430 

isomorphous,  689  et  seq. 

Oxychloride  of  mercury,  formation  of, 
378 


Oxygen,  diffusiveness  of,  75 

specific  heat  of,  133 

refraction  of  light  by,  178 

combination  with  phosphorus,  309 

obtained  fi-om  atmospheric  air, 

310 

comhination  with  mercury,  310 

properties  of,  311 

obtained  from  peroxide  of  man- 
ganese and  chlorate  of  potassa, 

311  note 

substances  with  which  it  is  loosely 

combined,  312 

bodies  combustible  in,  313 

products  of  combustion  in,  313 

combustion  of,  with  hydrogen, 

324 

means  of  union  with  hydrogen, 

327 

combination  with  nitrogen,  328 

etymological  rise  of  the  term,  334 

considered  as  the  standard  for 

the  expression  of  chemical  equi- 
valents, 343 

equivalent  of,  on  the  hydrogen 

scale,  350 

compounds  of,  with  hydrogen,  354 

compounds  of,  with  carbon,  355 

combination  with  cyanogen,  370 

compounds  of  chlorine  and,  378 

compai-ed  with  chlorine,  378 

combination  with  bromine,  387 

combinations  with  iodine,  389 

combinations  with  sulphur,  395 

combinations  with  selenium,  402 

combinations  with  phosphorus,  406 

combination  with  silicon,  414 

combination  with  boron,  417 

affinity  of  the  metals  for,  420, 424 

combination  with  metals,  428 

radicles  of,  434 

power  of,  limited  by  cohesion 

440  ’ 

evolution  of,  from  chlorate  of 

• potassa,  445 

direction  of,  in  the  voltaic  circuit, 

526 

combustion  by  pure,  607 

determination  of,  in  organic  ana- 
lyses, 610 

of  the  ternary  acid  compounds, 

621 

oils  containing,  634 

oils  not  containing,  634 

Oxygenation  of  alcohol,  65 1 
Oxynitrion  of  hydrogen,  435,  539 

potassium,  435,  535 

Oxysulphion  of  ammonium,  535 
hydrogen,  435 
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Oxy.sulphion  of  copper,  53.'i 
sodium,  435 

Palladium,  symbol,  equivalent,  and 
physical  characters  of,  426 
Palm  oil,  acid  from,  618 
Palmitic  acid,  source  and  formula,  618 
Papaveracece,  acid  from,  626 
Paper  perforated  hy  electricity,  272 
Papin’s  digester  described,  143 
Para-cyanogen,  366 
Para-tartaric  acid,  source,  properties, 
and  formula  of,  623 
Para-tartrate  of  lime,  623 
Paraffin,  preparation  and  properties,  675 
Particles  of  matter,  theories  of,  678 

see  Atoms  and  Molecules 

Pectin,  sources,  properties,  and  for- 
mula, 614 

Peltier,M,,  electro-thermancy  estab- 
lished hy,  560 
Pencil  of  rays  of  light,  170 
Pendulum,  action  of,  23 

length  of  onevibrating  seconds,23 

accumulation  of  momentum  in 

the,  24 

PennjToyal,  oil  of,  634 
Per-chlorate  of  potassa,  381 
Per-chloric  acid,  formation  of,  381 

— composition  of,  381 

Per-chloride  of  carbon,  properties  of,  383 

— composition  of,  383 

of  phosphorus,  formation,  pro- 
perties, and  constitution  of,  412 
Perkins,  Mr.,  his  boiler,  126 
Permanent  magnet,  298 
Peroxide  of  barium,  action  of  acids  on, 
354 

hydrogen,  method  of  obtaining 

the,  354 

easy  decomposition  of,  354 

analytical  constitution  of,  355 

note 

manganese  as  a som-ce  of  oxygen, 

311 

action  of  sulphuric  acid  on,  354 

mercury,  formation  of,  310 

Peroxides,  definition  of,  335 
Peruvian  barks,  alkahes  in,  629 
Petit,  M.,  on  the  law  of  specific  heat, 
133 

Phlogistic  theory,  422 
Phlogiston,  422 

Phloridzin,  sources,  properties,  and 
formula,  631 

Phocenic  acid,  source  and  formula,  618 
Phosgene  gas,  formation  of,  456 
Phosphate  of  lime,  form  of  crystal  of, 
94 


Phosphate  of  soda,  action  of  sulphuric 
acid  on,  445 
Phosphites,  407 
Phosphorescence,  460 
Phosphori,  solar,  461 
Phosphoric  acid,  deoxidation  of,  405 

— combination  of,  in  bones,  404 

formation  of,  408 

glacial,  408 

— constitution  of,  409 

hydrates  ot^  409,  435 

constitution  of  the  hydrates 

of,  410 

Phosphorous  acid,  formation  of,  406 

— properties  of,  407 

— composition  of,  407 

Phosphorus,  refraction  of  light  by, 
178 

combustion  of,  in  air,  309 

combustion  in  oxygen,  311 

combustion  of,  in  chlorine,  373 

sources  of,  404 

preparation  of,  404 

properties  of,  404 

combustion  of,  405 

spontaneous  combustion  of,  406 

combinations  with  oxygen,  406 

action  of  nitric  acid  on,  408 

combinations  with  hydrogen,  411 

combinations  with  chlorine,  412 

per-chloride  of,  412 

■ sesqui-chloride  of,  412 

combination  with  nitrogen,  413 

combinations  with  the  metals,  406, 

430 

Phosphovinic  acid,  649 
Phosphuret  of  barium,  430 
calcium,  430 

nitrogen,  foimation,  properties, 

and  constitution  of,  413 
Phosphurets,  406,  430 
Phosphuretted  hydrogen,  properties 
of,  411 

formation  of,  411 

constitution  of,  411 

Photographic  paper,  process  of  making, 
454 

action  of  hydriodate  of  po- 
tassa on,  458 

Photographs  coloured  by  solai’  ray.s,  457 
Photography,  453  et  seq. 

Photometer,  Wheatstone’s,  172  and 
note 

Photometry,  172  et  seq. 

Physiological  heat,  101 
Pimelic  acid,  source  and  formula,  6 1 8 
Pine,  strength  of,  47 
Pinic  acid,  source,  properties,  and  for- 
mula, 635 
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Pintis  abies,  oil  from,  634 
I’iperin,  source  and  formula  of,  63*2 
Pitch,  specific  inductive  capacity  of,  266 
Plants,  products  of  the  combustion  of, 
420 

Plate-glass,  cohesion  of  the  surfaces,  15 
Plating  in  silver  by  voltaic  electricity, 
553 

Platinode  and  zincode,  521 
Platinum,  specific  gravity  of,  34 

welding  of,  to  glass,  65 

linear  expansion  of,  by  heat,  103 

mean  dilatation  of,  by  heat,  1 15 

progi'essive  dilatation  of,  116 

conduction  of  heat  by,  121 

specific  heat  of,  133 

congealing-point  of,  137 

electrical  conduction  by,  268 

slow  combustion  of,  362  note 

, density  of,  423 

symbol,  equivalent,  and  physical 

characters  of,  426 

alloy  of,  with  arsenic,  427 

adhesion  and  affinity,  illustrated 

by,  442 

use  of,  in  the  manufacture  of 

acetic  acid,  443 

electrical  conduction  by,  549 

Platinum-black,  alcohol  oxygenated 
by,  651 

Platinum  thermometer,  110 
Plumbago,  radiation  of  heat  by,  212 

electrical  conduction  by,  552 

Plummet,  use  of,  21 

deviation  of  the  line  of,  21 

Points,  electrical,  281 

electrical  state,  244 

Polar  forces,  15 
Polarity  of  the  magnet,  15 
Polarization  defined,  195 

circular,  203 

of  heat,  228 

of  light,  194  et  seq. 

comprehension  of,  assisted  by 

analogies,  197 

Polarized  light,  coloui’s  of,  199  et  seq. 

practical  application  of  the 

phenomena  of,  206,  207 
Poles,  magnetic  terrestrial,  301 
Polyhedral  atoms,  89 
Poppy,  salifiable  base  from  the,  627 
Porcelain,  conduction  of  heat  hy,  121 
Porosity  of  solid  bodies,  8 
Porous  bodies,  method  of  taking  the 
specific  gravity  of,  39 
Porous  bodies,  absorption  of  gases  by, 
66 

Positive  and  negative  electrical  states, 
232 


Potashes,  nature  of,  420 
Potassa,  formatioii  of,  319 

equivalent  of,  on  tlie  liydrogen 

scale,  350 

oxalate  of,  358 

cyanate  of,  369 

combinations  with  chlorine,  379 

chlorate  of,  380 

per-chlorate  of,  381 

broinate  of,  385 

hi-sulphate  of,  381 

source  of,  420 

prussitate  of,  657 

Potassium,  congealing-point  of,  137 

combustion  of,  in  carbonic  acid, 

316 

action  upon  water,  319 

combination  with  cyanogen,  367 

bromide  of,  385 

fluoride  of,  392 

seleuiuret  of,  404 

action  of  boracic  acid  on,  416 

means  of  obtaining,  420 

means  of  preserving,  421 

apparatus  for  the  production  of, 

421  note 

lightness  of,  423 

symbol,  equivalent,  and  physical 

properties  of,  426 

oxjTiitrion  of,  535 

ferro-cyanide  of,  657 

ferrid-cyanide  of,  658 

cobalto-cyanide  of,  660 

sulpho-cyanide  of,  660 

chromo-cyanide  of,  660 

amidide  of,  672 

PouiLUET,  M.,  on  the  electricity  of 
evaporation,  286 

comparison  of  the  hydro- 
electric witli  the  thermo-electric 
current  by,  558 

Powders,  method  of  taking  the  speci- 
fic gravity  of,  40 

Powell,  Professor,  illustration  of 
the  circulai’  and  oscillatory  mo- 
tion of  the  pai-ticles  of  ether  by, 
205  and  note 

his  apparatus  for  circulai"!  po- 
larization, 206  note 
Precipitation,  example  of,  77 
Pressure,  a variety  of  force,  1 1 

effect  of,  upon  specific  heat,  134 

effect  of,  ujjon  gases  and  vapours, 

160 

development  of  electricity  by, 

285 

Priestley,  Dr.,  on  the  electric  dis- 
charge, 27 1 

discovery  of  oxygen  by,  311 
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Priestley,  Dr.,  discovery  of  deut- 
oxide  of  nitrogen  by,  332 
Primitive  forms  of  crystals,  81 
Principles  of  science  essential  to  know- 
ledge, 27 
neutral,  631 

Prism,  a six-sided,  formed  of  oblong 
spheroidal  particles,  93 

axis  of  a right-rectangular,  96 

Prismatic  colours,  180 
Progressive  dilatation,  114 
Projectiles,  regulated  velocity  of,  17 
Proof  plane  of  M.  Coulomb,  242 
Proportions,  definite,  325 

equivalent,  346 

multiple,  328 

reciprocal,  344 

Protein,  means  of  obtaining,  properties, 
and  formula  of,  620 
Proto-carbm-et  of  nitrogen,  366 
Pi’oto-chloride  of  carbon,  properties 
of,  383 

mercury,  formation  of,  377 

tin,  electrolysis  of,  541 

Proto-chlorides,  373 
Proto-hydrate  of  phosphoric  acid,  409 
Proto-nitrate  of  mercuiy,  434 

electrolysis  of,  538 

Proto-sulphate  of  iron,  formation  of, 
434 

electrolysis  of,  538 

Protoxide  of  barium,  production  of, 
354 

manganese,  428 

production  of,  354 

mercury,  action  of  hydro-chloric 

acid  on,  377 

nitrogen,  properties  of,  330 

formation  of,^330 

condensation  of,  330 

— composition  by  volume,  331 

note 

Liebig’s  symbol  for,  353 

Protoxides,  definition  of,  335 
Protractor,  description  of  a,  82 
Prout,'Dr.,  objection  to  the  hydrogen 
scale  by,  349 

method  of  organic  analysis  by, 

607  and  note 

Proximate  principles,  342 
Prussian  blues,  659  et  seq. 

PruBsiate  of  potassa,  manufacture,  for- 
mula, and  properties,  657 
Prussic  acid,  {see  Hydro-cyanic  acid,) 
368 

Pseudo-morphia,  source  and  formula 
of,  630 

Public  buildings,  neglect  of  the  venti- 
lation of,  128 


Pulverization,  effect  of,  upon  cohesion, 
51 

Pump,  description  of  the  sucking,  35 
note 

capillary,  64 

Purpurate  of  ammonia,  664 
Purpuric  acid,  664 
Putrefactive  fermentation,  662 
P3rramid,  axes  of  a square,  96 
P3Tites,.crystallme  character  of  iron,  97 
I*yro-gallic  acid,  hydrated,  626 
Pyrogeneous  metamorphoses,  674  seq. 
Pyi’o-meconic  acid,  hydrated,  626 
Pyrometer,  Wedgwood’s,  111 

Daniell’s,  111  et  seq. 

Pyro-phosphoric  acid,  410 
Pyro-racemic  acid,  hydrated,  626 
Pyro-tartaric  acid,  hydrated,  626 
Pyroxylic  spirit,  source  of,  654 

properties  and  formula  of, 

654 

oxidation  of,  656 

Quadrakt  Electrometer,  260 
Quadri-hydro-carbon,  properties  and 
formula,  676 
Quartz,  hardness  of,  53 

form  of  crystals  of,  81 

crystalline  characters  of,  97 

refraction  of  light  by,  178 

circular  polarization  illustrated 

by,  203 

diathermancy  of,  220 

Quercitrin,  source  and  formula,  639 
Quercus  infusoria,  coloiuing  matter 
from,  639 

Quicklime,  action  of  water  upon,  138 
Quicksilver,  expansion  of,  by  heat,  103 

see  Mercury 

Quiescence  of  matter,  9 
Quinia,  source,  properties,  and  formula, 
629 

Racemic  acid,  source,  properties,  and 
formula  of,  623 

hydrated,  626 

Radiant  heat,  introduction  to  the  study 
of,  165 

M.  Mellon!  on,  208 

law  of  its  decrease,  209 

Radiation  of  electricity,  282 
heat,  165 

familiar  instances  of,  165,  214 

terrestrial,  215 

law  of  cooling  of  bodies  by, 

216 

in  vacuo,  216 

secondary,  219 

light,  secondaiy,  1 66 
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Radicles,  definition  of,  37*> 

organic,  604 

Rain,  formation  of,  138 

solution  of  atmospheric  ammonia 

in,  348 

Rain-water,  cause  of  the  softness  of, 
348 

Rarefaction  of  the  atmosphere,  134 

Ray,  the  electric,  595 

Rays,  various  kinds  of  calorific,  218 

differences  between  calorific,  223 

luminous,  compared  with  calo- 
rific, 224 

of  light,  pencil  of,  1?0 

direction  of,  171 

unequal  refrangibility  of,  1 80 

coloured,  180 

Re-charge  of  electricity,  266 
Reattmuh’s  thermometer,  107 
Reciprocal  proportions,  344 
Red  precipitate  of  mercury,  312 
Reduction  of  ores,  421 

of  oxides,  420 

Reflecting  goniometer,  description  of, 
83 

Reflection  of  heat,  210 

of  light  used  to  measure  the 

angles  of  crystals,  83 

primary  law  of,  173 

familiar  phenomena  of,  174 

total,  180 

in  relation  to  the  thickness  of 

matter,  191 

of  sound,  44 

Refraction  of  heat,  218 

of  light,  176 

index  of,  177 

to  ascertain  the  degfree  of,  177 

familiar  instances  of,  178 

by  different  bodies,  178 

direction  of,  179 

media  of  ordinary,  192 

ordinary  ray  of,  194 

extraordinary  ray  of,  194 

Refractive  media  of  light,  178 
Refrangibility  of  luminous  rays,  the 
unequal,  180 

in  relation  to  diathermancy,  222 

of  calorific  rays,  225 

of  heat  changed  by  secondary 

radiation,  227 
Refrigeration,  78 

Register  pyiemeter,  by  Daniei.l,  111 
Repulsion,  forces  of,  13 

varieties  of,  14 

electrical,  14,  230 

cause  of,  250,  252 

homogeneous,  17,  46 

magnetic,  294 


Residual  charge  of  electricity,  2(i^ 
Resin,  refraction  of  light  by,  178 

electrical  powers  of,  231 

Resinous  and  vitreous  electrical  states, 
231 

Resinous  bodies,  electrical  induction 
through,  257 

Resins,  632  and  634  et  seq. 

derivation  of,  from  oils,  635 

chemical  chai'acters  of,  635 

Resistance  to  current  affinity,  465 

law  of,  469 

— interior  and  exterior,  488 

metallic,  494 

chemical,  494 

Respiration,  carbonic  acid  produced 
by  animal,  318 

Rhodium,  symbol,  equivalent,  and  phy- 
sical characters  of,  426 
Rhombic  dodecahedron,  structure  of, 
from  cubic  particles,  90 
Rhombohedron,  fonned  of  oblate  sphe- 
roidical particles,  93 
axis  of,  95 

Rhomboidal  dodecahedron,  figure  of,  8 1 
Richman,  Professor,  fatal  experi- 
ment by,  288 

Right-rectangular  prism,  axis  of,  96 
Ritchie,  Dr.,  experiment  on  radiant 
heat  by,  213 

torsion  galvanometer  of,  468  note 

Rochelle  salt,  crystalline  characters  of, 
97 

Rock  crystal,  form  of  its  prisms,  79 

polarization  of  light  by,  199 

nature  of,  414 

Rock-salt,  refraction  of  light  by,  178 

diathermancy  of,  220 

use  of,  in  calorific  researches, 

223 

Rose-oil,  634 

Rosin,  specific  inductive  capacity  of, 
266 

composition  of,  635 

destructive  distillation  of,  675 

Rotation  of  the  magnetic  pole  and  con- 
ducting wire,  568 

of  voltaic  flame,  569 

Rubia  tinctorum,  products  of,  638 
Rudrerg,  Professor,  on  expansion 
by  heat,  119 

Rumex,  acid  in  the  genus,  621 
Rumford, Count,  on  heat  by  friction, 
100 

on  the  conduction  of  heat,  124 

on  the  intensity  of  light,  172 

Rupert’s  drop  described,  17 
Rutherford,  Professor, discovery' 
of  nitrogen  by,  310 
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Saccharive  fermentation,  {j43 
Safety-lamp,  364 
Sago,  formula  of,  615 
Sal-ammoniac,  340 
Salop,  formula  of,  615 
Salicin,  sources,  properties,  and  for- 
mula, 631 

delicate  test  for,  631 

as  a soiu'ce  of  the  hydruret  of 

salicule,  669 
Salicule,  669 

hydruret  of,  669 

Saliculic  acid,  669 

Saline  solutions,  phenomena  upon  mix- 
ing, 447 

electrical  conduction  by,  550 

Salt,  foi-m  of  crystal  as  a means  of  de- 
termining the  class  of  a,  81 

obtained  from  sea  water,  149 

Saltpetre,  form  of  crystal  of,  78 
Salts,  solubility  of,  70 

ci’ystallization  of,  78 

crj^stallization  of,  in  turbid  solu- 
tions, 80 

cold  generated  during  the  lique- 
faction of,  136 

nomenclatm'e  of,  352 

efflorescence  of,  371 

constitution  of,  431 

binary  theory  of,  432  et  seq. 

radicles  of,  433 

constitution  of  neutral,  434 

nomenclature  of  the  radicles  of, 

435 

relations  of,  to  concurrent  forces, 

445 

electrical  decompositions  of  aque- 
ous solutions  of,  532 

confirmation  of  the  hinaiw  theory 

of,  634 

Sanctohio’s  air  thermometer,  104  note 
Sand,  pressure  of,  60 

inclination  of  a pyramid  of,  61 

note 

slow  conduction  of  heat  by,  122 

Sapphire,  hardness  of,  53 
Saturated  solution,  action  of  cold  upon 
a,  70 

Saturation,  definition  of,  69 
Savart,  M.,  his  experiments  upon 
vibrating  bodies,  46 
Savine,  oil  of,  634 
Saxon  blue,  638 

Saxton,  Mr.,  magneto-electrical  ma- 
chine by,  586 

Scalding  point  of  water,  123 
by  steam,  148 

ScHONJDEiN,  PnoFESsoti,  l)aUery  by, 
530 


Science,  abstract,  2 
Science  of  mathematics,  2 

natural,  2 

essential  elements  of,  4 

knowledge  of  the  principles  of,  27 

of  sound,  43 

of  electricity,  228 

of  magnetism,  293 

— — unity  of,  694 

ScoRESBY,  Rev.  Mr.,  on  the  construc- 
tion of  magnets,  300 
Sea-salt,  composition  of,  373 

hydro-chloric  acid  obtained  from, 

374 

Sea- water,  freezing  of,  78 
causes  that  prevent  its  congela- 
tion, 130 

in  relation  to  heat  and  density,130 

evapoi’ation  of,  149 

non-metaUic  elements  obtained 

from,  372 

Sealing  wax,  radiation  of  heat  by,  212 

electrical  powers  of,  230 

Sebacic  acid,  som’ce  and  formula,  618 
Secondary  forms  of  crystals,  conjec- 
ture concerning  the  cause  of,  82 

formation  of,  89 

solar  rays  of  heat,  absorption  of, 

226 

combinations  of  compoimd  bodies, 

342 

results  from  electro-chemica 

action,  540 

Seebeck,  Professor,  on  the  tempe- 
rature of  the  solar  spectrum,  218 

on  the  action  of  light  upon 

affinity,  453 

thermo-electricity  established 

by,  554 

Seleniate  of  soda,  solubility  of,  70 

of  zinc,  change  in  the  internal 

structure  of  crystals  of,  99 
Selenic  acid,  formation  of,  402 

properties  of,  403 

composition  of,  403 

Selenious  acid,  formation  of,  402 

properties  of,  402 

composition  of,  402 

Selenite,  crystalline  character  of,  97 
Selenium,  discovery  of,  401 

properties  of,  401 

analogy  of,  to  snljihur,  401 

combinations  with  oxygen,  402 

combinations  with  liydrogen,  403 

combinations  witli  the  metals,  430 

Seleniuret  of  potassium,  fonnation  of, 
404 

Seleniurets,  430 
Seleniuretted  hydrogen,  404 
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Self-induction  of  the  conducting-wire, 
592  et  seq. 

Self-luminous  bodies,  106 
Sennebier,  on  the  action  of  light 
upon  vegetation,  460 
Sensation,  vague  idea  of  temperature 
from,  101 

of  cold,  dependent  upon  the 

conducting  power  of  matter,  162 
Sense  of  vision,  167 

of  touch,  6 

muscular,  6 

Senses,  connexion  of,  7 

con  ection  of  the  errors  of  the,  8 

Sericic  acid,  source  and  fornnda,  618 
Sesqui-chloride  of  phosphorus,  foi-ma- 
tion  of,  412 

Sesqui-ferrocyanide  of  iron,  manufac- 
ture and  constitution,  659 
Sesqui-snlphate  of  iron,  434 
Shell-lac,  specific  inductive  capacity 
of,  265 

perfect  insulating  power  of, 

268 

Shock,  electric,  259 
Signs,  chemical,  352 
Sikes’s  hydi-ometer,  28  note 
Silica,  natm'al  sources,  414 

formation  and  constitution  of,  414 

hydrate  of,  414 

properties  of,  415 

action  of  hj’drofluoric  acid  on,  416 

Silicon,  som’ce  of,  413 

insulation  and  properties  of,  414 

oxidation  and  formula  of,  414 

combination  with  chlorine,  415 

fluoride  of,  416 

combinations  of,  with  the  metals, 

431 

obtained  by  the  voltaic  current, 

480 

Silk,  conduction  of  heat  by,  125 

electrical  powers  of,  230 

Silver,  linear  expansion  of,  by  heat,  103 

temperature  of  melting,  1 14 

progressive  dilatation  of,  116 

conduction  of  heat  by,  121 

specific  heat  of,  133 

congealing-point  of,  137 

radiation  of  heat  by,  212 

electrical  conduction  by,  268 

fulmmates  of,  370 

symbol,  equivalent,  and  physical 

properties  of,  426 

solubility  of,  in  mercury,  427 

monobasic  phosphate  of,  436 

bibasic  phosphate  of,  436 

electrical  conduction  by,  549 

Simple  circuit  of  voltaic  force,  464 


Siphon-gauge,  39  note 
Six-sided  prism  formed  of  oblong 
spheroidical  particles,  93 
Skin,  sense  of  touch  in  the,  6 
Sling,  elastic  power  of  the,  12 
Smell,  knowledge  derived  from  the 
sense  of,  18 

Snow,  absorption  of  heat  by,  226 
Soap-bubble,  contraction  of  a,  16 

variation  in  the  colours  of, 

explained,  189 
Soda,  source  of,  420 

means  of  preserving,  42 1 

ammonio-phosphate  of,  437 

bibasic  phosphate  of,  436 

tribasic  phosphate  of,  436 

binarseniate  of,  438 

phosphate  of,  437 

biphosphate  of,  437 

neutral  arseniate  of,  438 

subarseniate  of,  438 

Soda-water,  mechanical  compression 
of,  70 

Sodium,  congealing-point  of,  137 

combination  with  chlorine,  373 

means  of  obtaining,  420 

symbol,  equivalent,  and  physical 

properties  of,  426 

Solania,  source  arid  formula  of,  630 
Solar  heat,  compared  with  terrestrial, 
223 

light,  analysis  of,  180 

phosphori,  461 

rays,  sifting  of  the  calorific  from 

the  luminous,  226 

general  chemical  action  of, 

453  et  seq. 

on  the  relative  chemical  action 

of  different  rays,  456  et  seq. 

spectrum,  1 80  note 

lavender  rays  of,  182 

lines,  or  bands  in,  183 

184  note 

place  of  maximum  temperature 

in,  218 

chemical  action  of,  456 

bleaching  rays  of,  458 

Solid  bodies,  porosity  of,  8 
Solids,  method  of  taking  the  specific 
gi-avity  of,  26 

torsion  of,  30 

flexure  of,  30 

oscillations  of,  44 

gi-avitation  of,  48 

properties  of,  53  et  seq. 

effect  of  pulverization  upon  tho 

cohesion  of,  51 

brittleness  of,  54 

compressibility,  54 
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Solids,  ductility  of,  54 

malleability  of,  54 

filtration  of,  from  liquids,  G4 

solution  of,  68 

to  recover  from  solution,  77 

crystalline  geometrical  forms  of, 

81 

expansion  of,  by  heat,  102 

measurement  of  heat  by,  110 

laws  of  the  expansion  of,  by  heat, 

114 

table  of  progressive  dilatation  of, 

116 

expansion  of,  compared  with  that 

of  liquids,  118 

conduction  of  heat  by,  121 

refraction  of  light  by,  178 

action  of  adhesion  in,  441 

atomic  weights  and  densities  of, 

693 

Solution  of  solids,  68 

of  air  in  water,  68 

of  glass  in  water,  69 

of  gases,  70 

against  gravity,  7 1 

of  metals,  306 

resisted  by  cohesion,  441 

Solutions,  distinguished  from  mixtures, 

71 

"phenomena  of  afiinity  in,  450 

Solvent  powers  increased  by  heat,  143 
Solvents,  limit  to  their  action,  69 

action  of  heat  upon  the  power 

of,  70 

Sound,  mechanical  cause  of,  43 

science  of,  43 

velocity  of,  44 

reflection  of,  44 

musical,  44 

Sounding-board,  principle  of  the,  44 
Sounds,  electrical,  276 

cause  of  electrical,  289 

Spark,  nature  of  the  discharge  of  an 
electric,  270 

instantaneity  of  the  electric,  272 

from  the  water-battery,  518 

from  a magnet,  583 

Spearmint-oil,  634 

Specific  electrical  induction,  264 

electricity  of  atoms,  687 

gravity  of  matter,  26 

method  of  taking,  26 

of  porous  bodies,  and  of  pow- 
ders, 39 

of  gaseous  compounds  found 

from  their  equivalents  on  the 
hydrogen  scale,  351 

relation  of  atomic  weights  to, 

683 


Specific  gravity  of  isomorphous  bodies, 
691 

gravities,  standards  of,  26,  33 

■ — table  of,  34 

correction  of,  in  relation  to  tem- 
perature, 119 
heat,  131 

relation  of  atomic  weights  to, 

684 

Spectra,  solar,  182 

from  artificial  lights,  1 84 

of  Newton’s  rings,  190 

Spectrum,  refrangibility  of  rays  of,  181 
Spermaceti,  latent  heat  of,  137 

electrical  insulating  power  of,  266 

neutral  fatty  base  from,  618 

acid  from,  618 

Spherical  atoms,  92 
Spircea  ulmaria,  peculiar  product  o 669 
Spirit,  pyroxylic,  654 
Spirits,  temperature  for  taking  the 
specific  gravity  of,  119 

distillation  of,  in  vacuo,  141 

Spirits  of  turpentine,  refraction  of 
light  by,  178 

— electrical  induction  through, 

247 

Spirits  of  wine,  specific  gravity  of,  26 

expansion  of,  by  heat,  103 

for  thermometers,  109 

boUing-point  of,  139 

— expansion  of,  during  vapori- 
zation, 147 

flame  of,  362 

Spongy  platinum,  action  of,  on  ammo- 
nia, 442 

action  of  hydrogen  on,  442 

alcohol  oxygenated  by,  651 

Spontaneous  evaporation,  148 
Spring,  compression  of  the,  12 
Spring-balances,  principle  of,  29 
Stahl,  phlogistic  theory  of,  422 
Standard  measure,  24 

pendulum,  24 

gallon,  24 

of  specific  gravities,  26,  33 

bai’ometric  pressure,  37 

of  hardness,  53 

measurement  of  heat,  104 

temperature  for  taking  specific 

gravities,  119 

of  comparison  of  specific  heat,  131 

Standards  of  unity  for  the  expression 
of  chemical  combinations,  343, 349 
Stannum,  see  Tin 
Starch,  action  of,  on  iodine,  388 

organization  of,  613 

Starch,  compound  of,  with  oxide  of  lead, 
613 
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Starch,  varieties  of,  615 

changed  into  gum  by  heat,  616 

action  of  sulphm-ic  acid  on,  616 

action  of  diastase  upon,  643 

Starch-sugar,  formula  of,  615 
Steam,  specific  gravity  of,  34 
reduction  of  its  elasticity  by  ab- 
straction of  heat,  56 

by  pressure,  56 

diffusiveness  of,  75 

use  of  the  heat  in,  138 

gradual  formation  of,  139 

of  liigh  pressure,  142 

table  of  the  force  and  ^tempera- 

ture  of,  143 

temperature  of,  144 

latent  heat  of,  145 

law  of  its  density,  146 

relative  amount  of  sensible  and 

latent  heat  in,  146 

substitutes  for,  as  mechanical 

powers,  147 

force  and  weight  of  a cubic  foot 

at  different  temperatures,  149 

retention  of  the  latent  heat  of,  160 

symbol  of  its  composition  by 

volume,  326  note 
Steam-engine,  principles  of,  148 

electrical  states  in  the,  287, 

Stearic  acid,  means. of  obtaining,  616 

formula  of,  617 

source  and  formula,  618 

Stearin,  616 

formula  of,  617 

Stearopten,  nature  of,  632 

Steel,  linear  expansion  of,  by  heat,  103 

saturation  of,  with  magnetism, 

298 

chemical  composition  of,  431 

Stibium,  see  Antimony 
Still,  phenomena  of  latent  heat  in  the, 
138 

Storms,  magnetic,  302 
Strontium,  symbol  and  equivalent  of, 
426 

Structure,  influence  of,  upon  vibration, 
45 

influence  of  vibration  upon,  46 

Strychnia,  properties  and  formula  of, 
629 

Subarseniate  of  soda,  438 
Sub-carburetted  hydrogen,  properties 
of,  360 

Sub-nitrate  of  copper,  constitution  of, 
439 

Sub-oxides,  429 
Sub-salts,  constitution  of,  439 
Suberic  acid,  source  and  formula,  618 
Sucking  pump,  described,  35  note 


Sugar,  crystalline  character  of,  97 
' ■ ■ boiling  of,  in  vacuo,  141 

decomposition  of,  611 

compound  with  baryta,  6 1 2 

compound  with  lime,  612 

compound  with  oxide  of  lead,  612 

produced  from  starch  and  lignin, 

616 

Sugar-candy,  crystallization  of,  178 
Sugar  cane,  product  of,  615 

of  fruits,  formulae  of,  615 

of  milk,  formula  of,  615 

Sugars  and  their  congeners,  615 
Sulphate  of  ammonia,  formula  of,  435 
formation  of,  on  glass  win- 
dows, 444 

electrolytic  name  of,  535 

baryta,  formation  of,  399,  446 

cinchonia,  crystalline  character 

of,  97 

copper,  crystalline  character  of, 

97 

diathermancy  of,  220 

water  of,  439 

action  of  muriatic  acid  on,  445 

electrolytic  name  of,  535 

electrolysis  of,  536 

ii'on,  crystalline  characters  of,  97 

magnesia,  crystalline  charactei’s 

of,  97 

methule,  655 

morphia,  composition  of,  628 

nickel,  change  in  the  internal 

structure  of,  99 

potash,  crystalline  chai'actera  of, 

97 

latent  heat  in,  138 

— formation  of,  446 

soda,  solubility  of,  70 

crystallization  of,  79 

radicle  of,  435 

action  of  phosphoric  acid  on, 

446 

zinc,  crystalline  characters  of,  97 

change  in  the  internal  struc- 
ture of  crystals  of,  99 

formation  of,  462 

Sulphates,  correspondence  of  atomic 
weights  and  specific  heats  in  tlie, 
686 

Sulphocyanide  of  lead,  661 

potassium,  660 

Sulphocyanides,  means  of  obtaining, 
661 

Sulphocyanogen,  660 
Sulphomothylic  acid,  655 
Sulphovinate  of  etherine,  649 
Sulphovinic  acid,  formula  of,  648 
Sulphur,  crystallization  of,  58 
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Sulphur,  dimorphism  of,  98 

specific  heat  of,  133 

congealing-point  of,  137 

polarization  of  light  by,  199 

specific  inductive  capacity  of,  265 

sources  of,  393 

properties  of,  393 

dimorphism  of,  393 

flowers  of,  394 

combinations  •with  hydrogen,  394 

combinations  •with  oxygen,  395 

combination  •with  cai’bon,  400 

combination  with  chlorine,  401 

analogy  of,  to  selenium,  401 

combinations  with  the  metals,  429 

■  in  vegetable  oils,  634 

combination  •with  cyanogen,  660 

Sulphuret  of  antimony,  dissection  of 
its  crystallization  by  heat,  87 
benzule,  668 

— calcium,  as  an  artificial  source 

for  deuto-sulphuretted  hydrogen, 
395 

carbon,  boiling-point  of,  144 

refraction  of  light  by,  178 

■  iron,  as  a source  for  hydro-sul- 

phuric acid,  394 

lead,  dissection  of  the  crystal  of, 

85 

voltaic  conduction  by,  548 

potassium,  an  artificial  som-ce  for 

deuto-sulphuretted  hydrogen,  395 

voltaic  conduction  by,  642 

silver,  voltaic  conduction  by,  547 

Sulphurets,  formation  of,  394 

characters  of,  429 

Sulphuretted  hydrogen,  liquefaction  of, 
163 

refraction  of  light  by,  178 

(sec Hydro-sulphuric  acid,)  394 

hypo-sulphiuous  acid,  formation 

of,  400 

Sulphuric  acid,  mixture  of,  with  water, 
71 

boiling-point  of,  144 

refraction  of  light  by,  178 

dispersion  of  light  by,  1 82 

diathermancy  of,  220 

action  of,  upon  oxalic  acid, 

357 

fonnation  of,  396 

properties  of,  397 

relations  to  water,  397 

anhydrous,  397 

decomposition  of,  by  heat,  397 

manufactiu-e  of,  397 

constitution  of,  398 

action  of,  on  oxide  of  zinc, 

134 


Sulphuric  acid,  manufactured  by  the 
force  of  adhesion,  443 

— action  of,  on  lignin  and  starch, 

616 

part  taken  in  etherification  by 

the,  648 

ether,  congealing-point  of,  137 

expansion  of,  during  vapori- 
zation, 147 

diathermancy  of,  220 

Sulphurous  acid,  liquefaction  of,  163 

properties  of,  396 

composition  of,  396 

SuLZER,  first  simple  circuit  by,  471 
Sun,  heat  of,  99 

opacity  caused  by  the,  99 

light  and  heat  of,  165 

light,  diffusion  of,  175 

appearance  of,  without  an  atmo- 
spheric medium,  176 
Supportei'S  of  combustion,  322 
Sweet  wort,  formation  of,  643 
Sylvie  acid,  source,  properties,  and  for- 
mula, 635 

Symbols  of  the  metals,  426 
Symmbr,  Mr.,  electrical  observations 
by,  232 

Symmetry,  precision  given  to  the  idea 
of,  95 

Synaptase,  666 
Synthesis,  chemical,  314 

Tabasheer,  refraction  of  light  by,  178 
Talbot,  Mr.  Fox,  the  calotypic  art 
of,  454 

Talc,  hardness  of,  53 
Tallow,  congealing-point  of,  137 
Tangential  direction  of  forces,  570 
Tannic  acid,  hydrated,  626 
Tapioca,  formiila  of,  615 
Tai’taric  acid,  size  and  purity  of  the 
crystals  of,  80 

som’ces,  properties,  and  for- 
mula, 622 

means  of  obtaining  the  anhy- 
drous, 623 

hydrated,  626 

Tartralic  acid,  foiniula  of,  623 
Tartrelic  acid,  623 
Taste,  knowledge  derived  from,  1 8 
Taylor,  Dr. Brook, experiment  upon 
heat  by,  110 

Tea-leaves,  caffein  from,  631 
Technical  language,  necessity  of,  334 
Telegraph,  Professor  Wheat- 
stone’s electro-magnetic,  578 
and  710 te 

Telluric  acid,  action  of  heat  on  ci'ys- 
tallized,  433 
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Tellurium,  symbol,  equivalent,  and 
physical  characters  of,  426 

hydruret  of,  431 

Temperature,  99  et  seq. 

in  relation  to  opacity,  98 

in  relation  to  dimorphism,  98 

estimate  of,  by  sensation,  101 

balance  between  expansion  and, 

110 

at  which  weights  and  measures 

ai'e  adjusted,  119 

effect  of,  upon  specific  gravities, 

119 

tolerance  of  a high  temperature, 

by  man,  123 

cause  of  moderated,  128 

difference  of,  from  heat,  130 

in  relation  to  condensation  and 

dilatation,  133 

rise  of,  upon  the  mixture  of  cer- 
tain liquids,  134 

in  relation  to  colour,  217 

thermo-electric  test  of,  558 

see  Heat  and  Cold 

Tension,  electrical,  laws  of  the  in- 
crease of,  257 

Ternary  acid  compounds,  621 
Terrestrial  equator,coincidence  of,  with 
the  magnetic,  301 

heat  compared  with  solar,  223 

magnetism,  300 

currents  of,  301 

intensity  of  the  force  of,  acting 

upon  the  needle,  302 

imitation  of  the  principal 

phenomena  of,  573 

effects  of,  585 

Tetrahedral  octohedron,  91 

tetrahedron,  91 

Tetrahedron,  figure  of,  81 

formed  of  spherical  particles,  93 

Thebaia,  source  and  formula  of,  630 
Tueophuastus,  on  amber,  14 
Theoi'y  of  the  universe,  5 

of  types,  642  7iote 

Theories,  formation  of,  4 

development  of,  into  facts,  5 

Thermo-electric  batteries,  558 
couples,  555 

powers  of  different  metallic 

couples,  557 

cunent  intensity  of,  558 

compared  with  hydro-electric 

cuireuts,  558 

magnetic  rotation  caused  by, 

509 

Thermo-electricity,  science  of,  554 
effects  resulting  from  combina- 
tions of  different  metals,  555 


Thermo-electricity,  compound  circuits, 
556 

crystalline  structure,  in  relation 

to,  556 

intensity  of  currents,  557 

Thermometer,  invention  of,  104 

principle  of  the,  104,  110 

Saxctorio’s  air,  104  note 

Leslie’s  differential,  105 

method  of  making  the,  106 

graduation  of,  106 

mercurial,  106 

Fahhenheit’s,  107 

Reaumur’s,  107 

Celsius’,  107 

centigrade,  108 

comparison  of  the  scales  of,  108 

tests  of  good,  109 

metallic,  110 

the  platinum,  110 

thermo-electric,  558 

Thermometric  scales,  107 

comparison  of,  108 

Thilorier,  M.,  apparatus  for  the 
liquefaction  of  gases,  by,  161  note 
Thorinum,  symbol  and  equivalent  of, 
426 

Thunder,  electrical  phenomena  of,  287 
et  seq, 

cause  of  the  sounds  of,  289 

Time,  an  important  element  in  force,  16 

in  relation  to  vision,  167 

telegraphing  of,  581 

Tin,  strength  of,  47 

dissection  of,  by  weak  acids,  87 

ciystalline  dissection  of,  87 

dissection  of,  by  mercury,  88 

linear  expansion  of,  by  heat,  1 03 

progi’essive  dilatation  of,  116 

conduction  of  heat  by,  121 

latent  heat  of,  137 

congealing  point  of,  137 

electrical  conduction  by,  268 

symbol,  equivalent  and  physical 

properties  of,  426 

electrical  conduction  by,  549 

Tin-stone,  reduction  of,  421 
Tincal  of  commerce,  4 1 7 
Titanium,  hardness  of,  423 

symbol,  equivalent,  and  physical 

properties  of,  426 

Tobacco-leaves,  organic  base  from,  630 
Tolu  balsam,  refraction  of  light  by, 
178 

Topaz,  hardness  of,  53 

crystalline  characters  of,  97 

Toiqiedo,  595 

electrolytic  and  magnetic  effects 

produced  by,  596 
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Torpedo,  description  of,  59C  note 

electrical  organ  of,  600 

Torricelli,  liis  discovery  of  atmo- 
spheric weight,  34 
Torsion-electrometer,  238  7iote 
Torsion-galvanometer  of  Dr. Ritchie, 
468  note 

Touch,  delicacy  of  the  sense  of,  6 

as  a means  of  knowledge,  6 

Tourmaline,  crystalline  characters  of, 

97 

action  of,  upon  light,  195 

diathermancy  of,  228 

electrical  phenomena  of  the,  285 

disposition  of  the  electric  forces 

in,  297 

Trade  winds,  128 
Transfer  of  elements,  472 
Transition  point  of  liquids  into  va- 
pours, 164 

Transparency  in  relation  to  diather- 
mancy, 220 

Transparent  bodies,  refraction  of  light 
by,  177 

dispersion  of  light  by,  182 

Triangular  dodecahedron,  figure  of,  81 
Tribasic  phosphates,  435 
Trito-hydrate  of  phosplioric  acid,  410 
Tritoxides,  definition  of,  335 
Trough,  voltaic,  503 
Tuning-fork,  described,  43  note 
Tungsten,  symbol,  equivalent  and  phy- 
sical properties  of,  426 

atomic  weight  and  density  of,  693 

Turkey  red,  639 
Turnbull's  blue,  660 
Turpentine,  oil  of,  633 

oxide  of,  634 

Types,  theory  of,  642  note 

Ultimate  molecules,  see  Atoms 
Ultimate  organic  analysis,  606 

by  Prout’s  Method,  607 

Liebig’s  apparatus  for,  609 

particles,  relative  weights  ot^  679 

theories  of,  679 

see  Atoms 

Undulation,  {see  "Wave,)  169 
Undulatory  hypothesis  of  light,  168 

confirming  analogies  of,  169 

confiimed  by  the  interference 

of  waves,  188 

application  of,  to  the  pheno- 
mena of  heat,  208 
Uniaxal  crystals,  96 
Unit  jar,  262 

Unannealed  glass,  phenomena  of  pola- 
rized light  presented  by,  202 
Uranium,  symbol  and  equivalent  of,  426 


Ure,  Dr,  table  of  latent  heat  of  va- 
pours by,  145 

Urea,  effect  of,  upon  the  ciystalliza- 
tion  of  common  salt,  80 

used  in  the  formation  of  cyan- 

uric  acid,  370 

source,  and  means  of  obtaining, 

629 

formula  of,  630 

artificial  formation  of,  661 

putrefactive  fermentation  of,  662 

Uric  acid,  used  in  obtaining  cyanuric 
acid,  370 

sources  of,  624 

properties  and  formula  of,  625 

hydrated,  626 

formula  of,  662 

delicate  test  for,  664 

Uril,  the  hypothetical  radicle,  662 
Urine,  acid  from  that  of  the  foetal  calf, 
625 

Vacuum,  gravitation  in  a,  21 

Nature’s  abhorrence  of,  35 

gases  acting  to  each  other  as  a,  74 

velocity  of  gases  rushing  into  a,  76 

freezing  in  a,  140 

boiling  in  a,  141 

radiation  of  heat  in  a,  216 

Valeriana  officinalis,  acid  from,  626 
Valerianic  acid,  hydrated,  626 
Vanadium,  symbol  and  equivalent  of, 
426 

Vaporization,  state  of  cohesion  in,  51 

heat  absorbed  during  the  process 

of,  139 

increase  of  volume  upon,  147 

Vapour  distinguished  fi-om  a gas,  57 

table  of  the  force  of,  at  different 

temperatures,  150 

formula  for  the  elasticity  of,  at 

the  dew-point,  156 

see  Aqueous  Vapour 

Vapours,  action  of  gases  upon,  71 

to  separate  them  from  gases,  78 

conduction  of  heat  by,  124 

latent  heat  of,  145 

relation  of,  to  gases,  160 

transition  point  of,  into  liquids, 

164 

refraction  of  light  by,  178 

Variolaria  dealhala,  product  of,  640 
Vegetable  albumen,  619 

alkalies,  629  et  seq. 

combustion,  products  of,  420 

fibre,  formiila  of,  615 

fibrin,  620 

jelly,  nature  of,  614 

salifiable  bases,  discovery  of,  627 
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Vegetables,  respiration  of,  318 

spontaneous  decomposition  of,  360 

Vegetation,  influence  of  light  on,  460 
Velocities,  measured  by  musical  notes, 
44 

A^'clocity  of  motion,  1 1 

matter  in  vacuo,  2 1 

soimd  in  aii’,  44 

gases  rushing  into  a vacuum,  76 

light,  170 

relation  of  media  to,  171 

electricity,  273 

Ventilation  of  dwelling-houses,  127 

mines,  127 

public  buildings,  1 28 

Veratria,  sour  ce  and  formula  of,  630 
Veralrum  album,  organic  base  from, 
630 

Veratrum  sdbadilla,  organic  base  from 
the  seeds  of,  630 
Vibration,  causes  of,  43 

isochronous,  43 

dependent  on  the  structure  of 

bodies,  44 

nodal  lines  and  points  in,  45 

mechanical  power  of,  46 

efiect  upon  molecular  arrange- 
ment, 46 

effect  upon  fibrous  structures,  89 

distinguished  from  a wave,  169 

interference  of,  1 88 

Vinegar,  latent  heat  of,  145 

manufacture  of,  651 

Vinous  fermentation,  643 
Viscosity,  56 

in  relation  to  convection  of  heat, 

125 

Vision,  less  delicate  than  touch,  6 

knowledge  derived  from  the 

sense  of,  18 

phenomena  of,  167 

Visual  impressions,  period  of,  167 

familiar  proofs  of,  168 

a photometer  formded  on,  172 

Vitreorrs  and  resinous  electrical  states, 
231 

Volatile  oils  and  resins,  632 

table  of,  634 

Volta,  discovery  of  the  pile  by,  501 

“ Courcmne  des  Tosses'^  by,  502 

note 

Volta-electric  induction,  582 
Volta-embossing,  process  of,  554 
Volta- engraving,  art  of,  553 
Volta-etching,  art  of,  554 
Volta-plating,  art  of,  553 
Volta-lyping,  art  of,  552 

apparatus  for,  552  note 

applications  of,  553 
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Voltaic  actions  compared  with  elec- 
trical, 517 

source  of,  523 

battery,  elemental,  496 

battery,  dissected,  496  et  seq. 

improvements  in,  502  et  seq, 

liquid  for,  503 

constant  battery,  504  et  seq. 

effect  of  weather  on  the 

power  of,  506 

effect  of  heat  on  the  power 

of,  506 

degi’ees  of  resistance,  515 

the  water-battery,  517 

electrical  induction  by,  517 

polarity  of,  519 

electrodes  of,  521 

platinode  of,  521 

convecting  charge  of,  521 

zincode  o^  521 

Professor  Schonbein’s, 

530 

cause  of  the  current,  530 

double  diaphragm  cell  for,  533 

M.  Becquerel’s,  538 

primary  results  of,  540 

secondary  results  of,  540 

— disiuptive  discharge,  545 

Dr.  Hare’s,  546 

disruptive  discharge  under 

water,  547 

Wheatstone’s  telegraphic, 

577 

cell,  resistances  in,  488 

charge,  convecting,  521 

— circuit,  mechanical  illustration  of 
the  convective  power  of,  472  . 

length  of  the  liquid  portion,  476 

chemical  natiue  of  the  liquid 

portion,  476 

completion  of,  496 

the  simple,  501 

— measiue  of  the  elective  force 

of,  507 

contraiy  aflSnity  of,  509 

point  of  magnetic  action  in 

the,  561 

length  of  wire  in  relation  to 

discharge,  591 

— self-induction  of  the  conduct- 
ing wire,  594 

compositions  and  decompositions, 

478  et  seq. 

conducting  plates,  465 

conducting  wire,  effect  of,  upon 

the  magnetic  needle,  561 

conductor,  essential  conditions  of, 

464 

current,  resistance  to,  465 
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Voltaic  curreut,  conditions  of,  477 

contact  of  dissimilar  metals, 

not  necessary  to  the,  52,3 

essential  conditions  of,  524 

anode  of,  527 

cathode  of,  527 

definite  chemical  action  of,  528 

intensity  of,  in  relation  to  the 

amount  of  chemical  action,  529 
— cause  of,  in  the  common  bat- 
tery, 530 

equality  of  force  throuerhout 

the,  534 

metals  arrested  in,  537 

resistance  offered  by  the  me- 
tals to,  548 

cold  produced  by,  559 

heat  developed  by,  559 

magnetic  power  of,  570 

— action  of  the  earth’s  magnet- 
ism on,  574 

effect  upon  the  needle,  of  ai'- 

resting  the,  581 

effects  of,  produced  by  the 

magneto-electric  machine,  587 

cylindrical  plates,  487 

electricity, solid  conduction  of, 547 

— conducting  power  of  the  me- 
tals, 548 

application  of,  in  the  arts,  550 

see  Current  Affinity. 

equivalency  of  compound  groups 

with  simple  substances,  605 

flame,  546 

rotation  of,  569- 

— ^ — generating  plates,  465 
induction,  517 

light,  547 

chemical  action  of,  460 

liquid  conduction,  without  de- 
composition, 542 

pUe,  the  original,  501  note 

polarity,  519 

simple  cii’cuit,  464  1 

spherical  surfaces,  483 

spherical  plates,  483 

Voltameter,  description  of,  500  and  note 
Volume,  loss  of,  upon  mixing  fluids,  72 

increase  of,  upon  vaporization, 

147 

chemical  combinations  in,  332 

of  vapours  compared,  684 

of  liquids  compai-ed,  684 

atomic,  091 

Wali.,  Dr.,  suspected  the  electricity 
of  lightnmg,  287 

Walsh,  Mr.,  on  the  electricity  of  the 
torpedo,  596 


Warming  of  buildings  by  steam,  138 
Water  deprived  of  air  by  boiling,  8 

weight  of  a gallon,  in  grains,  9 

specific  gravity  of,  34 

three  physical  states  of,  34 

effect  of  heat  upon  the  cohesion 

of,  51 

compressibility  of,  55 

crystallization  of,  58 

expansion  of  freezing,  58 

solution  of  air  in,  68 

satm-ation  of,  69 

intimate  adhesion  of  some  gases 

with,  71 

valuable  property  of  charcoal 

purifying  foetid  water,  77 
dissecting  action  of,  upon  crys- 
tals, 86 

expansion  of,  by  heat,  103 

invariable  temperature  of  boiling, 

106 

law  of  its  contraction  by  cold,  118 

conduction  of  heat  by,  123 

— — scalding  point  of,  123 

convection  of  heat  by,  126 

relation  of  its  maximum  density 

to  the  convection  of  heat,  129 

point  of  maximum  density  of,  129 

capacity  of,  for  heat,  131 

specific  heat  of,  133 

latent  heat  of,  137 

congealing-point  of,  137 

to  cool  it  below  the  freezing- 

point,  138 

boiling  of,  influenced  by  adhesion, 

139 

boiling  of,  in  air-pump,  139 

freezing  of,  in  common  atmosphe- 
ric pressure,  140 

boiling  of,  on  Mont  Blanc,  142 

boiled  under  pressure  of  its  own 

vapour,  143 

increase  of  its  solvent  power  by 

heat,  143 

volume  of,  compared  with  that  of 

steam,  147 

evaporation  of,  149 

spontaneous  evaporation  of,  156 

refi-active  power  of,  over  liglit,177 

refraction  of  light  by,  178 

power  of  reflecting  light  in  ijro- 

portion  to  its  thickness,  191 

polarization  of  light  by,  199 

diathermancy  of,  220 

electricity  developed  by  the  free- 
zing of,  286 

action  upon  potassium,  3 1 9 

chemical  constitution  of,  319  et 

seq. 
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Water,  analysis  of,  by  heated  iron,  320 
decomposition  of,  during  the  for- 
mation of  sulphate  of  zinc,  320 

formation  of,  synthetically,  323 

chemical  name  of,  334 

cause  of  the  softness  of  rain,  348 

equivalent  of,  on  the  hydrogen 

scale,  350 

in  combination  with  crystals,  357 

definite  combinations  of,  370 

of  composition,  370,  371 

acids  insiilated  by,  371 ! 

substitutions  of,  in  composition, 

371 

combination  with  metallic  oxides, 

■ 371 

saturation  of,  with  gases,  375  note 

relations  to  sulphuric  acid,  397 

combinations  with  phosphoric 

acid,  410 

abstraction  of,  from  acids,  433 

of  composition,  or  of  crystalliza- 
tion, 439 

constitutional,  439 

• — — economy  of,  to  affinity,  441 

decomposition  and  formation  of, 

449 

quantity  of  electricity  requisite  to 

decompose  a drop  of,  545 
decomposed  by  magneto-electri- 
city, 588 

determination  of,  in  organic  ana- 
lysis, 610 
Water- bath,  33 
Water-battery,  517 
Water-hammer  described,  8 
Wave,  nature  of,  169 

distinguished  from  a vibration, 

169 

interference  of,  1 88 

Wax,^congealing-point  of,  137 

• sources,  properties,  and  analysis, 

636 

Weather,  phenomena  of  cloudy,  158 
Weber’s  experiments  upon  touch,  6 
Wedgeware,  progi’essive  dilatation  of, 
116 

Wedgwood,  Mr.,  Pyrometer  by.  111 

on  the  chemical  action  of  light, 

453 

Weighing,  philosophy  of,  24 

double,  25 

Weight,  definition  of,  12 

opposed  to  elasticity,  12 

the  effort  which  measures,  21 

of  ultimate  particles,  679 

Weights  and  measures,  temperature  at 
which  they  are  adjusted,  119 
atomic,  679  et  seq. 


763 

Weights,  comparison  of  atomic  with 
equivalent,  683 

Weiss,  his  systems  of  crystalline 
forms,  96  et  seq. 

Welding  of  platinum  to  glass,  65 
Wells,  Dr.,  on  dew,  215 
Wheatstone,  Professor,  musical 
notes  used  to  measure  velocities 
by,  44 

on  the  propagation  of  sound, 

169 

photometer  by,  172 

on  the  velocity  of  the  electric 

discharge,  273 

method  of  determining  the 

values  of  contrary  affinity,  by, 
509 

' — electro-magnetic  engine,  by, 

575 

electro-magnetic  telegraph  of, 

576 

electro-magnetic  clock,  by,  581 

magneto-electric  battery,  by, 

588 

Wheel-barometer  described,  36  note 
Whewell,  Professor,  on  the  philo- 
sophy of  science,  3 

oil  M.  IIauy’s  hypothesis,  92 

definition  of  polai’ization  by, 

195 

White  indigo,  637  et  seq. 

formula  of,  640 

White  of  eggs,  nature  of,  619 
WiUows,  neutral  pi’inciple  from,  631 
Wind,  increase  of  cold  by,  123 

effect  of,  upon  evaporation,  150 

Winds,  comse  of  the  trade,  128 

temperature  of,  129 

restore  the  balance  of  the  atmo- 
sphere, 168 

Wine,  heavy  oil  of,  649 
Wines,  senantliic  acid  from,  618 
Wire,  lateral  electric  induction  from, 
269 

fused  by  electricity,  270 

Wire-drawing,  89 
Wire-gauze,  effect  of,  on  flame,  363 
Wolframium,  see  Tungsten. 
Wollaston,  Dr.,  observations  on 
hearing,  by,  44 

on  the  growth  of  crystals,  80 

his  reflecting  goniometer,  82 

his  ciyophorus,  141  and  note 

improvement  in  the  voltaic  pile, 

by,  503  note 

Wollaston,  Archdeacon,  thermo- 
metric  apparatus  for  measuring 
the  heights  of  mountains,  by,  142 
and  note 
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Wood,  conduction  of  heat  by,  121 

product  of  destructive  distillation 

of,  654,  675 

Wood-sorrel,  salt  in,  358 
Wool,  conduction  of  heat  by,  125 
Woulfe’s  apparatus  for  the  saturation 
of  water  with  the  soluble  gases, 
375  note 

Wrought  copper,  strength  of,  47 
Wrought  ii'on,  progressive  dilatation 
of,  116 

Yeast,  action  of,  643 

hypotheses  concerning  the  action 

of,  645 

Young,  Dr.,  on  the  escape  of  va- 
pours into  the  atmosphere,  148 
Yttrium,  symbol  and  equivalent  of, 
426 


Zinc,  progressive  dilatation  of,  116 

conduction  of  heat  by,  121 

specific  heat  of,  133 

congealing-point  of,  1§7 

latent  heat  of,  137 

electrical  conduction  by,  268 

action  of  sulphuric  acid  upon,  in 

water,  320 

symbol,  equivalent,  and  physical 

properties  of,  426 

oxidation  of,  462 

combustion  of,  462 

affinity  of,  for  chlorine,  476 

action  of,  upon  dilute  sulphuric 

acid,  476 

electrical  conduction  by,  549 

Zircon,  colom-ed  rings  produced  by,  201 
Zirconium,symbol  and  equivalent  of,426 
reduction  of,  479 
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THE  COURSE  OF  LECTURES  AND  DEMONSTRATIONS  ON  THE 
THEORY  AND  PRACTICE 


OF 

CHEMISTRY, 


BY 

JOHN  FREDERIC  DANIELL,  For.  Sec.,  R.S., 

Professor  of  Chemistry  in  King’s  College,  London, 

A nd  Lecturer  on  Chemistry  and  Geology  in  the  Hon.  East  India  Company's 
Military  Seminary  at  Addiscombe ; 


AND 


W.  A.  MILLER,  M.D., 


Demonstrator  of  Chemistry  in  King's  College,  London. 


PART  I. 

COMPRISES  A PREPARATORY  VIEW  OF  THE  FORCES  WHICH  CONCUR  TO  THE 
PRODUCTION  OF  CHEMICAL  PHENOMENA;  AND  OF  THE 
INORGANIC  ELEMENTS  AND  COMPOUNDS. 

This  Division  of  tho  Course,  which  occupies  from  the  beginning  of  October  to  the  end  of  January, 
is  specially  adapted  to  the  Matriculation  Examination  of  the  University  of  London,  and  may 
be  attended  separately. 


PART  II. 

CURRENT  AFFINITY  AND  ITS  ASSOCIATED  CAUSES;  ORGANIC  CHEMISTRY, 
ORGANIC  PRODUCTS  AND  THEIR  METAMORPHOSES ; AND  THE 
CHEMICAL  PRINCIPLES  OF  PHYSIOLOGY. 


This  part  commences  at  the  beginning  of  February,  and  closes  at  tho  end  of  April. 
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COURSE  OF  LECTURES  ON  CHEMISTRY. 


Ihe  Subjects  are  arrauged  as  follows: — 
PART  I. 


I.  Varieties  of  Force. 

1.  Nature  of  Matter  and  Force — Atoms 

and  Masses — Motion  and  Equili- 
brium— Varieties  of  Force — Ex- 
ternal, Internal,  and  Polar  Forces. 

2.  Laws  of  Gravitation — Weight — Spe- 

cific Gravity. 

3.  Homogeneous  Attraction  and  Repul- 

sion— Laws  of  Elasticity — Physical 
States  of  Matter,  solid,  liquid,  and 
aeriform — Crystallization. 

4.  Heat  and  Light — Temperature — Spe- 

cific and  Latent  Heat — Radiant 
Heat  — Light  — Reflection  — Re- 
fraction— Polarization,  &c.  — The- 
ory of  Colours. 

5.  Heterogeneous  Attraction — Adhesion 

— Solution  — Mixture  — Gaseous 
Diffusion — Endosmose,  &c. 

6.  Electricity — Excitement  — Conduc- 

tion — Insulation  — Induction  — 
Charge  and  Discharge — Accumu- 
lation— Specific  Induction — Atmo- 
spheric Phenomena. 

7.  Magnetism — Induction  — Terrestrial 

Phenomena. 


8.  Chemical  Affinity — Laws  of  Definite, 
Multiple,  and  Equivalent  Propor- 
tions— Different  Species  of  Matter, 
Simple  and  Compound — Classical 
Elements  — Chemical  Elements, 
&c. 

II.  Inorganic  Chemi.stry. 

1.  Non -metallic  Elements. 

2.  Metallic  Elements. 

3.  Primary  Compounds. 

4.  Secondary  Compounds. 

5.  Concm-ring  and  Opposing  Forces. 

In  this  division  of  the  Course  are  comprised: 
The  Extraction,  Preparation,  and  Properties 
of  the  Non-Metallio  Elements  and  their  Com- 
pounds. 

The  Manufactures  of  Oil  of  Vitriol,  Soda, 
Alum,  Saltpetre,  Gunpowder,  Coal-Gas,  &o. 

The  Extraction  and  Refining  of  Metals. 

The  Process  of  Assaying  ; Cupellation,  Quar- 
tation,  &c.;  Iron-foundries,  Copper  Smelling, 
&c. 

The  Manufactures  of  Glass,  Porcelain,  Ce- 
ments, &o. 

Processes  of  Testing  and  Analysis.. 

The  Daguerrotype,  Calotype,  &c. 


PART  II. 


III.  Current  Affinity  and  Associated 
Forces. 

1.  Current  Affinity — Single  Circuits — 

Compound  Circuits — Voltaic  Bat- 
teries— Ohm’s  Theory — Laws  of 
Electrolysis— Primary — Secondary. 

2.  Electro-Magnetism — Accumulation — 

Rotations. 

3.  Magneto-Electricity  — V olta-electric 

Induction — Saxton’s  Machine. 

4.  Thermo-Electricity  — Electro-Ther- 

mancy. 

Under  these  heads  are  explained, — 

The  arts  of  Volta-typing— Volta-plating— 
Volta-engraving— and  the  Electric  Telegraph. 

Magnetic  Machines,  &o. 

IV,  Organic  Chemistry, 

Organic  Products — Principles  and  Pro- 
cesses of  Analysis. 

Organic  Radicles — Calculation  of  For- 
mulm. 

ALIMENTARY. 

1.  Sugar,  Starch,  &c. 

2.  Fixed  Oils,  &c. 

3.  Albumen,  Gelatine,  &c. 


NON-ALIMENTARY. 

1 . Acids. 

2.  Bases. 

3.  Resins,  &c. 

4.  Colouring  Matters,  &c. 

METAMORPHOSES. 

Fermentation  —Saecharine  — Vinous — lactic 
—Acetic. 

Etherification. 

Cyanogen  and  its  compounds — Urea — Uric 
acid — Alloxan,  &o. 

Benzule  and  its  compounds— ffydrate-Reil- 
zoic  acid,  & o. 

Salioulo  and  its  compounds— Ann'dopen,  &c. 

CHEMICAL  PRINCIPLES  OF  PHYSIOLOGY. 
Organic]  Functions— <TcrwiiH<i(io)i,  Digestion, 
Assimilation,  Respiration,  Animal  Heat,  Secre- 
tion, Sec. 

Under  the  head  of  Organic  Chemistry  are 
included  ; 

Applications  to  Agriculture— Theory  of  Ma- 
nures, &c. 

Manufactures  of  Wine,  Beer,  Vinegar,  Bread; 
Distillation,  &c. 

Extraction  of  Sugar  from  the  Cane,  Beet-root, 
Sugar  R(fining. 

Processes  of  Bleaching,  Dyeing,  Calieo-Print- 
ing;  Soap-Making;  Tanning,  Sec. 
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It  is  a primary  object  of  these  Lectures,  tliroiigliout,  not  only  to  verify  the 
results  of  the  reasoning  by  experimental  illustrations,  but  to  elucidate  the 
gi-aud  Phenomena  of  Nature,  and  explain  the  Combinations  of  Art,  in  the 
processes  of  Metallurgy,  of  the  Pharmacopceia,  of  the  principal  Manufactures, 
and  of  Domestic  Economy. 

The  Lectures  are  given  from  Three  to  Four,  on  Mondays,  Tuesdays, 
Thursdays,  and  Fridays. 

Laboratory  Classes  are  formed,  and  Private  Instruction  given  in  Operative 
Chemistry,  by  the  Professor  and  Demonstrator. 

A Course  of  Instruction  in  Chemical  Manipulation  is  given,  in  a 
Laboratoi-y  fitted  up  for  the  pui-pose,  by  Dn.  Millek,  under  the  superinten- 
dence of  the  Professor,  on  Mondays,  Wednesdays,  and  Fridays,  at  a quarter 
past  Ten  a.m.  It  consists  of  Thirty  Lessons,  of  two  hours  each. 


Fuuther  Pahticulaks  may  be  had  by  applying  at  King’s  College. 


LONDON 
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ST.  martin’s  lANK. 
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tie  ^^salter;  or,  ^loalms  of  JBaWD, 

Edited  by 


in  Aletre,  with  APPROPRIATE  TUNES. 

JOHN  HULLAII. 


This  Work  is  preparing  for  publication  on  tlie  same  plan  ns  the  Editor's  Part  Music.  It  will 
appear  in  separate  Parts,  fur  tlie  dift'erent  Voices,  as  well  as  in  Score ; besides  which,  tliere  will  be 
a Folio  Edition,  with  a compressed  Accompaniment  lor  the  Organ  or  Piano-Forte. 

Of  the  separate  Voice  Parts  and  tlie  Score,  Cheap  Editions  will  bo  issued,  in  order  that  a 
UMFOBM  VERSION  oftlie  Psalter,  with  Music,  may  be  brought  within  the  reach  of  even  the  hum- 
blest classes  of  society. 

In  the  adaptation  of  the  words,  some  features  will  be  presented  altogether  now  ; and  witli 
regard  to  the  Music,  a mode  of  arrangement  will  be  revived,  which,  to  the  regret  of  all  lovers  of 
pure  devotional  Music,  has  been  too  long  stiirered  to  remain  in  disuse. 


CHURCHMEN  and  CHURCH  LITERATURE  of 

ENGLAND ; as  exhibited  in  the  Lives  and  Writings  of  Eminent  Divines, 
from  the  period  of  to  P formation ; with  connecting  Histories  of  the  Times 
in  which  t''ey  uved.  By  the  Rev.  RICHARD  CATTERMOLE,  B.D.  In 
the  Press. 

The  design  of  this  work  is,  to  pre.scnt,  on  a scale  and  in  a manner  adapted  to  general  appre- 
ciation, an  estimate  of  the  literary  character  and  monuments  of  our  venerable  Church.  The  moral 
excellencies,  the  religious  principles,  and  the  learned  labours  of  her  more  distinguished  Divines,  as 
exhibited  in  their  lives,  and  exemplitied  by  entire  treatises,  or  considerable  portions,  selected  from 
iheir  writings,  will  constitute  the  chief  materials  of  the  de.sign;  but  comiccted  and  bound  together 
as  a continuous  work,  by  a broad  view  of  English  Church  History.  Thus,  the  general  and 
especially  the  youthful  reader  will  be  furnished,  in  these  volumes,  with  a knowledge,  sufficient  for 
his  purpose,  of  what  as  Englishmen  we  owe  to  the  National  Church,  and  to  those  gifted  and 
energetic  minds  who  have  zealously  laboured  in  her  service  for  the  honour  of  God  and  the  good  of 
mankind;  while  otliers,  who,  from  professional  dutj',  or  a serious  literary  taste,  intend  to  devote 
themselves  systematically  to  the  study  of  that  unequalled  treasure  of  tliouglit,  erudition,  and 
eloquence, — the  Theological  Literature  of  England, — will  be  prepared  by  the  previous  perusal  of 
these  volumes  for  more  profound  and  extensive  research. 


NEW  WORKS  AND  NEW  EDITIONS, 
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A HISTORY  of  CHRISTIANITY,  from  tlie  Birth 

of  Christ  to  the  Destruction  of  the  Western  Empire;  including  the  Rise  and 
Progi-ess  of  the  early  Christian  Churches,  and  the  Causes  that  led  to  their 
Corniption.  By  W.  C.  TAYLOR,  LL.D.,  Trin.  Coll.  Dublin.  Under  the  super- 
intendence of  several  distinguished  Church  of  England  Divines.  In  the  Press. 

HISTORY  of  the  CHRISTIAN  CHURCH,  from 

the  Ascension  of  Jesus  Christ  to  the  Conversion  of  Constantine.  By  the  late 
EDWARD  BURTON,  D.D.,  Reg.  Prof.  Oxon.  The  Fourth  Edition.  Gs.  Qd. 


A MANUAL  of  CHRISTIAN  ANTIQUITIES; 

an  Account  of  the  Constitution,  Ministers,  Worship,  Discipline,  and  Customs  of 
the  Eai'ly  Church:  with  a complete  Analysis  of  the  Works  of  the  Antenicene 
Fathers.  By  the  Rev.  J.  E.  RIDDLE,  M.A.  Octavo,  18s. 

PRIMITIVE  CHRISTIANITY,  Exemplified  cancl 

Illustrated  hy  the  Acts  of  PRIMITIVE  CHRISTIANS.  By  the  Right  Rev. 
RICHARD  MANT,  D.D.,  Lord  Bishop  of  Down  and  Connor.  Octavo,  12s. 

HISTORY  of  the  CHURCH  of  IRELAND;  also 

by  the  LORD  BISHOP  of  DOWN  and  CONNOR.  Two  large  Volumes,  34s. 

Tile  FIRST  VOLUME  contains  the  History  of  the  Cliurch  of  Ireland,  from  the 
Reformation  to  the  Revolution;  in  the  SECOND  it  is  continued  up  to  the  Union,  vith 
an  Account  of  the  alterations  made  in  the  Hierarchy  in  the  Reign  of  William  IV. 


HISTORY  of  the  CHURCH  of  ENGLAND; 

Embracing  Copious  Histories  of  the  Thu’ty-Nine  Articles,  the  Translation  of 
the  Bible,  and  the  Book  of  Common  Prayer.  By  THOMAS  VOWLER 
SHORT,  D.D.,  Lord  Bishop  of  Sodor  and  Man.  Third  Edition.  16s. 

II. 

PAROCHIALIA;  consisting  of  Papers  printed  for 

the  use  of  St.  George’s,  Bloomsbury;  also  by  the  LORD  BISHOP  of 
SODOR  and  MAN.  4s, 

'A 

The  SCRIPTURAL  CHARACTER  of  the  ENG- 
LISH CHURCH.  By  the  Rev.  D.  COLERIDGE,  M.A.,  Principal  of  St. 
Mark’s  College,  Chelsea.  Octavo,  12s.  Gd. 

The  series  of  Sennons,  bearing  the  above  title,  were  written  exclusively  for  pcrus.a!, 
and  are  arranged  as  a connected  whole.  The  Author  has  adopted  this  form  to  avail 
himself  of  the  devotion.al  frame  of  mind,  presupposed  on  the  part  of  the  reader,  in  this 
species  of  composition;  bnt  he  has  not  deemed  it  as  necessary  to  preserve  with  strict- 
ness the  conventional  style  of  the  pulpit,  for  which  these  discourses  were  never  intended : 
they  may,  consequently,  be  taken  as  a series  of  Essays,  or  as  the  successive  chapters 
of  a general  work. 
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MODEL  DRAWING  and  PRACTICAL  PER- 
SPECTIVE; an  Exposition  of  the  Tiieory  and  Practice  of  the  Method  or 
Drawing  taught  to  the  Classes  instituted  under  the  Sanction  of  the  Committee 
of  Council  on  Education.  Copiously  illustrated  by  Plates  and  Wood-cuts.  By, 
BUTLER  WILLIAMS,  C.E.,  F.G.S.,  Professor  of  Geodesy  in  the  College  for 
Civil  Engineers,  and  Author  of  Practical  Geodesy.  In  the  Press. 

■ II. 

PRACTICAL  GEODESY;  comprising  Chain  Sur- 
veying, the  Use  of  Surveying  Instruments,  together  with  Levelling,  and 
Trigonometrical,  Mining,  and  Maritime  Surveying.  Adapted  to  the  use  of 
Land  Surveyors,  and  for  Students  in  Civil,  Military,  and  Naval  Engineering. 
By  BUTLER  WILLIAMS,  Author  of  the  preceding  work.  Octavo,  with 
numerous  Illustrations.  12s.  Qd. 


A STATISTICAL  COMPANION  to  the  POCKET 

BOOK,  consisting  of  a variety  of  Tables  and  Statements  from  the  highest 
official  and  other  sources.  By  C.  R.  WELD,  Secretary  to  the  Statistical 
Society  of  London. 

An  INTRODUCTION  to  the  STUDY  of  CHE- 
MICAL PHILOSOPHY.  By  PROFESSOR  DANIELL,  F.R.S.,  of  King’s 
College,  London.  New  Edition,  revised,  and  much  enlarged.  ' 

PRACTICAL  GEOLOGY  and  MINERALOGY, 

and  the  CHEMISTRY  of  METALS.  With  an  Introductory  Discourse  on 
the  Nature,  Tendency,  and  Advantages  of  Geological  Pursuits.  By  JOSHUA 
TRIMMER,  F.G.S.  Octavo,  with  Two  Hundred  Illustrations.  125. 

PRACTICAL  CHEMISTRY  for  FARMERS  and 

LANDOWNERS.  By  JOSHUA  TRIMMER,  Author  of  Practical  Geology 
and  Mineralogy.  5s. 

Thr  PHILOSOPHY  of  LIVING;  by  HERBERT 

MAY 0,  Esq.,  F.R.S.  Second  Edition,  85.  Gd. 

On  the  Diversities  of  Constitution.  Of  Digestion.  Of  Exercise.  Physical 
Education  of  Girls;  Spinal  Curvature.  Of  Sleep.  Of  Bathing.  Of  Clothing,  Of 
Air  and  Clunate.  Health  of  Mind ; Self-control ; Mental  Culture. 

II. 

MANAGEMENT  of  the  ORGANS  of  DIGESTION 

in  HEALTH  and  in  DISEASE.  By  HERBERT  MAYO,  Author  of  the 

Philosophy  of  Living,  &;c.  New  Edition,  65.  Gd. 

Rules  of  Diet  for  different  Constitutions.  Treatment  of  Indigestion;  of  Loose- 
ness ; of  Costiveness.  Local  Diseases  of  the  Lower  Bowel,  and  their  Treatment. 
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NEW  WORKS  AND  NEW  EDITIONS, 


TIMES  and  SEASONS;  the  CHRONOLOGY  of  the 

HOLY  SCRIPTURES  constructed  anew,  and  shown  to  involve  a system  of  re- 
lations evidential  of  a Divine  Plan.  With  an  Appendix,  containing  the  principal 
Institutes  of  Chronology,  and  other  Dissertations.  By  HENRY  BROWNE, 
M.A.,  Principal  of  the  Chichester  Diocesan  Theological  College.  In  the  Press. 


COMMENTS,  EXPLANATORY  and  PRACTICAL, 

upon  the  Epistles  for  the  Sundays,  Fasts,  and  Holidays  throughout  the  Year ; 
for  the  Use  of  Families.  By  the  Rev.  J.  F.  HONE,  M.A.,  Vicar  of  Tirley.  6s. 


An  ILLUSTRATION  of  the  METHOD  of  explain- 
ing the  NEW  TESTAMENT  by  the  Early  Opinions  of  the  Jews  and 
Chi-istians  concerning  Christ.  By  WILLIAM  WILSON,  B.D.,  late  Fellow  of 
St.  John’s  College,  Cambridge.  Edited  by  THOMAS  TURTON,  D.D.,  Dean 
of  Westminster.  A New  Edition,  carefully  Revised.  Octavo,  8s. 


ONE  MANIFOLD;  or,  the  System  of  Whole  and 

Parts  ; being  an  Attempt  to  establish  the  First  Principles  of  Universal 
Philosophy  and  Universal  Organization,  in  accordance  with  the  Divine 
Economy,  as  displayed  in  the  Structure  and  Administration  of  the  World. 
By  the  Rev.  JAMES  SHERGOLD  BOONE,  M.A.,  formerly  Student  of 
Christ  Church,  Oxford.  In  the  Press, 


An  INDEX  to  BUTLER’S  ANALOGY,  prepared 

by  Dr.  Bentham,  Reg.  Prof,  of  Divinity  at  Oxford,  corrected  by  Bishop 
Butler,  and  now  adapted  to  the  early  and  the  Oxford  editions.  By  Rev.  T. 
BARTLETT,  M.A.,  Author  of  the  Life  of  Bishop  Butler.  2s.  6d. 


The  WORKS  of  DOCTOR  DONNE,  Dean  of  St. 

Paul’s  in  the  time  of  James  I.  and  Charles  I.  With  a Memoir.  By  HENRY 
ALFORD,  M.A.,  late  Fellow  of  Trinity  College,  Cambridge.  Six  Volumes, 
Octavo,  with  a fine  Portrait.  3^.  12s. 

We  cannot  forbear  repeating  Mr.  Coleridge’s  question,  “ Why  are  not  Donne’s 
Volumes  of  Sermons  reprinted  at  Oxford?”  Surely  the  character  of  some  of  his 
juvenile  poems  cannot  be  the  reason.  Donne’s  Life  is  placed  in  a cheap  fonn  in  the 
Catalogue  of  the  Society  for  Promoting  Christian  Knowledge,  and  deservedly  so,  in 
every  respect.  Why  does  Oxford  allow  one  hundred  and  thirty  Sermons  of  the 
greatest  preacher,  at  least  of  the  seventeenth  century — the  admired  of  all  hearers,  to 
remain  all  but  totally  unknown  to  the  Students  in  Divinity  of  the  Church  of  England, 
and  to  the  literary  world  in  general  ? Quarterly  Review,  vol.  lix.  p.  C. 


PUBLISHED  BY  JOHN  W.  PARKER.  5 


A JOURNAL  of  CLASSICAL  LITERATURE. 

Tlie  first  Number  will  appear  early  in  1843,  and  be  continued  Quarterly. 
Communications  may  be  addressed  to  the  care  of  Mr.  Parkkr,  West  Strand. 


A CLASSICAL  LEXICON,  for  the  Use  of  Students, 

containing  an  Account  of  all  the  Proper  Names,  Mythological,  Historical,  and 
Geographical,  that  occur  in  the  Principal  Writers  of  Greece  and  Rome.  By 
LEONHARD  SCHMITZ,  Ph.D.,  late  of  the  Universit}^  of  Bonn. 

Several  years  have  elapsed  since  this  Work  was  first  projected  by  a learned 
foreigner,  and  announced  by  the  present  publisher,  but  from  an  earnest  desire  to  render 
it  both  correct  and  complete,  its  appearance  has  been  from  time  to  time  deferred.  The 
main  difficulties  have,  however,  at  length  been  overcome,  and  such  arrangements  made 
with  Dr.  Schmitz  as  will  ensure  its  publication  at  the  earliest  possible  period. 


The  PUBLIC  ECONOMY  of  ATHENS,  by 

PROFESSOR  BOECKH,  of  Berlin.  Translated  from  the  German  by  G. 
CORNEWALL  LEWIS,  Esq.,  A.M.,  late  Student  of  Christ  Church,  one  of 
the  Translators  of  Muller’s  Dorians.  New  Edition,  Revised.  Octavo,  18s. 


A HISTORY  of  the  ROMAN  CONSTITUTION, 

from  the  Earliest  Times  down  to  the  Age  of  Justinian,  by  PROFESSOR 
WALTER,  of  Bonn.  Translated  from  the  German  by  LEONHARD 
SCHMITZ,  Ph.D,,  and  WILLIAM  SMITH,  Ph.D.  In  the  Press. 


GALLUS;  or,  ROMAN  SCENES  of  the  AGE  of 

AUGUSTUS:  illustrative  of  the  Manners  and  Customs  of  the  Romans; 
from  the  German  of  PROFESSOR  BECKER,  of  Leipsic.  In  the  Press. 

Also, 

CHARICLES;  or,  Illustrations  of  the  PRIVATE 

LIFE  and  MANNERS  of  the  GREEKS.  From  the  German  of  PROFESSOR 
BECKER.  To  follow  the  puhlicatiem  of  GALLUS. 


PINDAR’S  EPINICIAN  ODES,  and  the  FRAG- 
MENTS of  his  LOST  COMPOSITIONS,  revised  and  explained.  With 
Copious  Notes  and  Indices,  by  the  Rev.  JOHN  WM,  DONALDSON,  M.A., 
Head  Master  of  the  Bury  School.  Octavo,  IG^. 

By  the  Same, 

The  NEW  CRATYLUS;  or.  Contributions  towards 

a more  accurate  Knowledge  of  the  Greek  Language.  Octavo,  17«. 


’ 6 NEW  WORKS  AND  NEW  EDITIONS, 


The  SPEECHES  of  DEMOSTIIENES,  against 

Apliobus  and  Onetor;  translated,  with  Notes  explanatory  of  the  Athenian  Laws 
and  Institutions,  hyC.  U.  KENNEDY,  M. A,,  Fellow  of  Trin.  Coll.,Camb.  9s. 


ARUNDINES  CAMI,  sive  Musarum  Cantabrigien- 

sium  Lusus  Canori,  collegit  atque  edidit^  HENRICUS  DRURY,  M.A. 
New  Edition.  In  the  Press. 


The  BOOK  of  PSALMS,  newly  Translated  from 

the  Hebrew,  with  Critical  and  Philological  Notes.  By  WILLIAM  FRENCH, 
D.D.,  Master  of  Jesus  College,  Cambridge ; and  Rev.  GEORGE  SKINNER, 
M.A.,  late  Fellow  and  Tutor  of  Jesus  College.  New  Edition,  revised.  12s. 


The  MISSION  of  the  COMFORTER,  and  other 

Sermons,  by  ARCHDEACON  HARE,  M.A.  In  the  Press. 


CHRISTMAS  DAY,  and  other  SERMONS;  by 

FREDERICK  DENISON  MAURICE,  M.A.,  Chaplain  of  Guy’s  Hospital, 
and  Professor  of  English  Literatm-e  in  Kmg’s  College,  London.  Octavo,  10s.  6cf. 

II. 

THREE  LETTERS  to  the  Rev.  W.  PALMER, 

on  the  Name  Protestant;  on  the  Character  of  the  English  Chm’ch;  and  on  the 
Bishoprick  at  Jerusalem.  By  the  Rev.  F.  D.  MAURICE.  Second  Edition 
with  Additions,  3s. 


SHORT  SERMONS  for  CHILDREN,  illustrative 

of  the  Catechism  and  Liturgy  of  the  Church  of  England.  Preached  in  the 
National  Society’s  Central  School,  Westminster,  by  the  Rev.  C.  A.  JOHNS, 
B.A.,  F.L.S.,  Chaplain  of  the  Central  School.  3s.  6J. 


The  CHURCHMAN’S  GUIDE;  a Copious  Index  of 

Sermons  and  othey  Works,  by  eminent  Church  of  England  Divines;  arranged 
according  to  their  subjects.  By  JOHN  FORSTER,  M.A.  Octavo.  7s. 

I 

INSTRUCTIONS  for  READING  the  LITURGY; 

by  DAVID  GARRICK,  with  Notes,  and  a Discourse  on  Public  Reading,  by 
•RICHARD  CULL,  Tutor  in  Elocution.  Octavo,  5s.  Qd. 
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On  the  NATURE  of  THUNDER  STORMS,  and  on 

the  MEANS  of  PROTECTING  BUILDINGS  and  SHIPPING  against  the 
DESTRUCTIVE  EFFECTS  of  LIGHTNING.  By  W.  SNOW  HARRIS, 
F.R.S.,  &c.  In  the  Press. 


A CYCLE  of  CELESTIAL  OBJECTS;  for  the  use 

of  Naval,  Militaiy,  and  Private  Observers.  By  CAPTAIN  W.  H.  SMYTH, 
R.N.,  F.R.S.,  F.Astron.Soc.,  &c.  Octavo,  with  Illustrations.  In  the  Press. 


LECTURES  on  the  PRINCIPLES  and  PRACTICE 

of  PHYSIC,  delivered  at  ICing’s  College,  London,  by  THOMAS  WATSON, 
M.D.,  Fellow  of  the  Royal  College  of  Physicians ; Physician  to  the  Middlesex 
Hospital,  and  formerly  FeUow  of  St.  John’s  College,  Cambridge.  In  the  Press. 


The  PHYSIOLOGICAL  ANATOMY,  and  PHYSI- 
OLOGY of  MAN.  By  R.  B.  TODD,  M.D.,  F.R.S.,  and  W.  BOWMAN, 
F.R.S.,  of  King’s  College,  London.  With  Original  Illustrations.  In  the  Press. 


On  the  SANATIVE  INFLUENCE  of  the  CLI- 
MATE of  PAU,  and  of  the  MINERAL  WATERS  of  the  PYRENEES,  on 
DISEASE.  By  A.  TAYLOR,  M.D.  10s.  6<Z. 


ESSAYS  on  NERVOUS  DISEASES,  by  R.  B. 

TODD,  M.D.,  F.R.S.,  Physician  to  King’s  College  Hospital,  and  Professor  of 
Physiology  in  ICing’s  College,  London.  In  the  Press. 


The  NERVOUS  SYSTEM,  and  its  FUNCTIONS. 

By  HERBERT  MAYO,  F.R.S.  Post  Octavo,  6s.  Qd. 


A MANUAL  of  CHEMISTRY;  the  Fifth  Edition, 

thoroughly  revised  and  greatly  enlarged,  and  containing  all  New  I acts  and 
Discoveries  in  the  Science.  By  WILLIAM  THOMAS  BRANDE,  F.R.S., 
of  Her  Majesty’s  Mint ; Professor  of  Chemistry  at  the  Royal  Institution.  35s. 

II. 

A DICTIONARY  of  the  MATERIA  MEDICA 

and  PHARMACY;  including  the  Elements  of  Pharmaceutical  Chemistry,  aud 
a Translation  of  the  London  Pharmacopoeia.  By  W.  I . BRANDE,  I .R.S.  15s. 


8 NEW  WORKS  AND  NEW  EDITIONS, 


A SYSTEM  of  LOGIC,  Ratiocinative  and  Inductive; 

being  a Connected  View  of  the  Principles  of  Evidence,  and  the  Methods  of 
Scientific  Investigation.  In  Six  Books.  By  JOHN  STUART  MILL.  In 
the  Press. 

BIOGRAPHIA  BRITANNICA  LITERARIA,  a 

LITERARY  HISTORY  of  the  UNITED  KINGDOM,  arranged  in  Clu-o- 
nological  Order.  Published  under  the  Superintendence  of  the  Royal  Society 
OF  Literature.  Volume  I.  The  Anglo-Saxon  Period.  Octavo.  12s.  To 
be  continued. 

The  PHILOSOPHY  of  the  INDUCTIVE  SCI- 
ENCES, founded  upon  their  History.  By  the  Rev.  WILLIAM  WHEWELL,' 
B.D.,  F.R.S.,  Master  of  Trinity  College,  Cambridge,  and  Professor  of  Moral 
Philosophy  in  the  University.  Two  Volumes,  Octavo,  80s. 

II. 

A HISTORY  of  the  INDUCTIVE  SCIENCES, 

from  the  Earliest  Times  to  the  Present.  By  PROFESSOR  WHEWELL. 
Three  Volumes,  Octavo,  21.  2s. 


POPULAR  PHYSIOLOGY ; familiar  Explanations 

of  interesting  Facts  connected  with  the  Structure  and  b'unctions  of  Animals, 
and  particularly  of  Man.  By  the  late  Dr.  PERCIVAL  B.  LORD,  of  the 
Hon.  E.  I.  C.  Service.  Many  Engravings.  Second  Edition,  revised.  Is.  Cc?. 


The  UNDULATORY  THEORY,  as  applied  to  the 

DISPERSION  of  LIGHT.  By  the  Rev.  BADEN  POWELL,  M.A.,  F.R.S., 
F.R.A.S.,  F.G.S.,  Savilian  Professor  in  the  University  of  Oxford.  Octavo,  9s., 
with  a Coloured  Chart  of  the  Prismatic  Spectra. 


A PRACTICAL  ARABIC  GRAMMAR.  By 

DUNCAN  STEWART.  Octavo,  IGs. 


The  JOURNAL  of  the  STATISTICAL  SOCIETY 

of  LONDON.  Published  Quarterly,  price  2s.  6c?. 


The  JOURNAL  of  the  ROYAL  ASIATIC  SOCIETY 

of  GREAT  BRITAIN  and  IRELAND.  Nos.  I.  to  XXII.  Price  6s.  each. 
Continued  occasionally. 
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ARCHITECTURAL  NOTES  ON  GERMAN 

CHURCHES,  with  Notes  of  a Tour  in  Normandy  and  Picardy.  By  the 
Rev.  WILLIAM  WHEWELL,  B.D.,  F.R.S.,  Author  of  The  History  of  the 
Inductive  Sciences,  &c.  A Third  Edition,  Avith  Additions.  12s. 


The  HISTORY  of  HOLLAND,  from  the  beginning 

of  the  Tenth  to  the  end  of  the  Eighteenth  Century.  By  C.  M.  DAVIES. 
Volumes  the  First  and  Second.  12s.  each.  To  be  completed  in  Three  Volumes. 


RECOLLECTIONS  of  SIBERIA,  in  the  Years 

1840  and  1841.  By  CHARLES  HERBERT  COTTRELL,  Esq.  Octavo, 
with  Map,  12s. 


The  WAR  in  SYRIA,  by  SIR  CHARLES 

NAPIER,  M.P.,  K.C.B.  Two  Volumes,  18s. 


TRAVELS  and  RESEARCHES  in  ASIA  MINOR, 

MESOPOTAMIA,  CHALDEA,  and  ARMENIA;  by  WILLIAM  FRANCIS 
AINSWORTH,  F.G.S.,  F.R.G.S.,  in  charge  of  the  Expedition  sent  by  the 
i Royal  Geographical  Society,  and  the  Society  for  Promoting  Clmstian  Knoiv- 
ledge,  to  the  Christian  Tribes  in  Chaldea.  Two  Volumes,  with  Maps  and 
numerous  Illustrations.  24s. 


RAIMBLES  and  RESEARCHES  in  SAXONY, 

comprising  Visits  to  the  Courts  of  Gotha  and  Weimar;  Manners  and  Customs 
in  Thuringia;  and  Specimens  of  the  Legends  of  the  Forest.  By  JOHN 
FREDERICK  STANFORD,  Esq.,  M.A.  Octavo,  with  Illustrations.  10s.  Qd. 


SALOPIA  ANTIQUA;  an  Enquiry  from  Personal 

Survey,  into  the  Early  Remains  in  Shropshire  and  the  Welsh  Borders.  With 
a Glossary  of  Words  used  in  Salop.  By  the  Rev.  CHARLES  HENRY 
HARTSHORNE,  M.A.,  F.S.A.  Royal  Octavo,  1^.  4s.  Imperial,  21.  2s. 


The  CAMBRIDGE  PORTFOLIO;  Papers  illustra- 
tive of  the  Seholastic  and  Social  State,  the  History,  Antiquities,  and  Literature 
of  the  University.  Contributed  by  Members,  and  Edited  by  the  Rev.  J.  J. 
SMITH,  M.A.,  Fellow  and  Tutor  of  Caius  College.  Two  handsome  Volumes, 
Royal  (Quarto,  with  numerous  Illustrations.  Al.  4s. 


10  NEW  WORKS  AND  NEW  EDITIONS, 


PRINCIPLES  of  ENGLISH  UNIVERSITY  EDU- 
CATION. By  the  Rev.  W.  WHEWELL,  B.D.,  E.R.S.,  Master  of  Trinity 
College,  Cambridge.  Octavo,  5s. 

II. 

The  DOCTRINE  of  LIMITS,  with.  Applications ; 

viz..  Conic  Sections,  the  first  three  Sections  of  Newton,  the  Differential 
Calculus.  By  PROFESSOR  WHEWELL.  Octavo,  with  Illustrations.  9s. 

III. 

The  MECHANICAL  EUCLID;  containing  the 

Propositions  necessary  for  a Degree  at  Cambridge.  By  PROFESSOR  WHE- 
WELL. 5s.  6d. 

IV. 

The  MECHANICS  of  ENGINEERING;  for  use 

in  Universities  and  Colleges  of  Engineers.  . By  PROFESSOR  WHEWELL. 
Octavo,  with  Illustrations.  9s. 


PRINCIPLES  of  MECHANISM,  by  R.  WILLIS, 

M.A.,  F.R.S.,  Jacksonian  Professor  of  Natural  and  Experimental  Philosophy 
in  the  University  of  Cambridge.  Designed  for  the  Use  of  Students  of  the 
Universities,  and  for  Students  of  Engineering  generally.  With  250  Wood- 
Cuts.  Octavo,  165. 


On  the  DIFFERENTIAL  and  INTEGRAL  CAL- 
CULUS. By  the  Rev.  T.  G.  HALL,  M.A.,  Professor  of  Mathematics  in 
King’s  College,  London.  Third  Edition,  enlarged.  12s.  6d. 

II. 

ELEMENTS  of  DESCRIPTIVE  GEOMETRY, 

chiefly  intended  for  Students  in  Engineering  ; also  by  PROFESSOR  HALL. 
With  80  Illustrations.  65.  6d. 

III. 

The  ELEMENTS  of  ALGEBRA,  chiefly  intended 

for  Schools  and  the  Junior  Classes  in  Colleges.  By  the  same.  05.  Oc?. 


MATHEMATICAL  TRACTS.  By  GEORGE  BID- 

DELL  AIRY,  M.A.,  F.R.S.,  Astronomer  Royal.  Designed  for  the  Use  of 
Students  in  the  Universities.  Octavo,  Thu-d  Edition,  corrected.  155. 

EXAMPLES  of  the  PROCESSES  of  the  DIFFE- 
RENTIAL and  INTEGRAL  CALCULUS.  CoUected  by  D.  F.  GREGORY, 
M.A.,  FeUow  of  Trinity  College,  Cambridge.  Octavo,  with  Plates,  I85. 
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WOMAN’S  IMISSION.  The  Tenth  Edition.  3^.  Qd. 


WOMAN’S  EIGHTS  and  DUTIES,  considered 

with  reference  to  tlieu’  EflFects  on  Society  and  on  her  own  Condition.  By  a 
WOMAN.  Two  Volumes,  Post  Octavo.  14s. 


RECREATIONS  in  ASTRONOMY;  with  a Glossary, 

and  50  Illustrations.  By  the  Rev.  L.  TOMLINSON,  M.A.  New  Edition.  4s.  6c?. 


RECREATIONS  in  CHEMISTRY.  By  THOMAS 

GRIFFITHS,  Chemical  Lecturer  at  St.  Bartholomews  Hospital.  4s.  Qd. 


RECREATIONS  in  GEOLOGY;  with  a Glossary, 

and  vai’ious  Illustrations.  By  Miss  R.  M.  ZORNLIN.  New  Edition.  4s.  6c?. 

II. 

RECREATIONS  in  PHYSICAL  GEOGRAPHY; 

or,  THE  EARTH  AS  IT  IS.  By  Miss  R.  M.  ZORNLIN.  With  numerous 
Cuts,  Maps,  &c.  Second  Edition.  6s. 

III. 

HYDROLOGY,  or  the  WORLD  of  WATERS. 

By  Miss  R.  M.  ZORNLIN.  In  the  Press. 


The  STUDENT’S  MANUAL  of  ANCIENT  HIS- 
TORY ; containing  the  Political  History,  Geographical  Position,  and  Social 
State  of  the  Principal  Nations  of  Antiquity;  carefully  Digested  from  the 
Ancient  Writers,  and  Illustrated  by  the  Discoveries  of  Modern  Scholars  and 
Travellei-s.  By  W.  C.  TAYLOR,  LL.D.,  M.R.A.S.,  Trinity  College,  Dublin. 
Third  Edition,  Revised  and  Enlarged.  10s.  6c?. 

II. 

The  STUDENT’S  MANUAL  of  MODERN  HIS- 
TORY; the  Rise  and  Progi’ess  of  the  Principal  Eurofean  Nations,  their 
Political  History,  and  the  Changes  in  their  Social  Condition ; with  a History  of 
the  Colonies  founded  by  Europeans,  and  General  Progress  of  Civilization.  By 
Dr.  TAYLOR,  Author  of  the  above  work.  Second  Edition,  Enlarged.  10s.  6c?> 


' The  CIVIL  HISTORY  of  the  JEWS,  from  Joshua 

to  Adrian;  with  Incidental  Notices  of  Manners  and  Customs,  Geography  and 
Anti(juities.  By  the  Rev.  0.  COCICAYNE,  ]\^.A.,  King’s  Coll.  Lond.  4s.  6c?. 


...  -■  I 

12  NEW  WORKS  AND  NEW  EDITIONS, 

The  LIFE  of  SIR  ASTLEY  COOPER,  Baet,  from 

Documents  and  Correspondence  bequeathed  by  him  for  the  purpose.  By 
BRANSBY  COOPER,  F.R.S.  Two  Volumes,  with  a Portrait  after  Sir 
Thomas  Lawrence.  21s. 


The  LIFE  of  ISAAC  MILNER,  Dean  of  Carlisle; 

comprising  his  Corresposidence  with  many  of  the  leading  men  of  his  day,  and 
other  Writings  hitherto  unpublished.  By  his  Niece,  MARY  MILNER.  With 
a Portrait.  18s. 


The  LIFE  of  ARCHBISHOP  SANCROFT,  to  Avhich 

are  added,  Three  Sermons,  and  the  Tract  on  Modern  Policy.  By  GEORGE 
D’OYLY,  D.D.,  F.R.S.,  Rector  of  Lambeth.  New  Edition,  Revised.  Octavo,  9s. 


The  LIFE  of  BISIIOP  BUTLER,  the  Author  of 

The  Analogy.  By  THOMAS  BARTLETT,  M.A.,  one  of  the  Six  Preachers  of 
Canterbury  Cathedral.  Octavo,  with  Portrait.  12s. 


The  LIFE  and  SERVICES  of  GENERAL  LORD 

HARRIS,  G.C.B.  By  the  Right  lion.  S.  R.  LUSHINGTON,  late  Governor 
of  Madras.  Octavo,  with  Portrait,  &c.  13s. 


The  LIFE  of  SIR  WILLIAM  JONES.  By  LORD 

TEIGNMOUTH ; New  Edition,  Revised,  and  with  a Life  of  the  Noble  Author, 
by  the  Rev.  S.  C.  WILKS,  M.A.  Two  Volumes,  10s.  6c?. 


LIVES  of  ENGLISH  SACRED  POETS,  from 

CHAUCER  to  HEBER.  By  the  Rev.  ROBERT  ARIS  WILLMOTT,  of 
Trinity  College,  Cambridge.  Two  Volumes,  4s.  6c?.  each. 


LIVES  of  EMINENT  CHRISTIANS,  by  the  Rev. 

R.  B.  HONE,  M.A.,  Vicar  of  Hales  Owen.  Three  Volumes  are  already 
published,  at  4s.  6c?.  each,  and  a FOURTH  VOLUME  is  in  the  Press. 

The  FIRST  VOLUME  contains  the  Lives  of  Archbishop  Usher,  Dr.  Hammond, 
.Tohn  Evelyn,  and  Bishop  Wilson.  The  SECOND  VOLUME,  Bernard  Gilpin, 
Philip  de  Mornay,  Bishop  Bedell,  and  Anthony  Horueclc.  The  THIRD  VOLUME, 
Bishop  Ridley,  Bishop  Hall,  .and  Robert  Boyle. 

The  FOURTH  VOLUME,  {in  the  Press),  will  contain,  JOHN  BRADFORD, 
ARCHBISHOP  GRINDAL,  and  JUDGE  HALE. 
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POPULAR  BIOGRAPHY,  a Series  of  Histories 

of  the  Lives  and  Times  of  Persons  eminent  in  various  Ages  and  Countries  in 
connexion  with  History,  Religion,  Literature,  Science,  and  the  Arts.  Accom- 
panied by  Historical  Introductions  and  Sequels,  whereby  each  Work  will  be 
made  a complete  Epitome  of  the  particular  Branch  of  Knowledge  with  which 
the  Subject  of  the  Memoir  was  connected.  In  the  Press. 

This  Work  being  designed  chiefly  for  the  use  of  young  persons,  and  of  those 
to  whom  the  larger  Biographies  and  Histories  are  inaccessible,  will  be  published  in  a 
very  cheap  and  portable  form.  Each  subject  will  be  completed  in  one  brochure, 
containiug  a large  amount  of  matter,  printed  in  a neat  and  distinct  style. 


THE  WRITING  DESK;  or,  the  PHILOSOPHY 

of  WRITING  MATERIALS ; an  Attempt  to  convey  Scientific  Information 
to  Intelligent  Youth,  by  reference  to  things  with  which  they  are  familiar.  By 
THOMAS  GRIFFITHS,  Chemical  Lecturer  at  St.  Bartholomew’s  Hospital, 
Author  of  Recreaimis  in  Chemistry,  In  the  Press. 


The  HANDMAID;  or,  the  Pursuits  of  Literature 

and  Philosojjhy,  considered  as  subservient  to  the  Interests  'of  Morality  and 
Religion.  By  the  Rev.  JOHN  DAVIES,  B.D.,  Rector  of  Gateshead,  and 
Author  of  All  Estimate  of  the  Human  Mind.  4s. 


GEMS  of  SACRED  LITERATURE;  a Series  of 

beautiful  Pieces,  from  the  works  of  eminent  Writers,  commencing  at  an  early 
period,  and  brought  down  to  the  present  time.  Two  handsome  Volumes,  bound 
and  gilt,  8s.;  and  uniformly.  Two  Volumes,  8s. 

GEMS  of  SACRED  POETRY;  choice  Portions  of 

the  Works  of  celebrated  Poets;  exhibiting  a connected  view  of  the  Character 
and  Progress  of  English  Sacred  Poetry. 


NATIONAL  PROVERBS,  in  the  principal  Lan- 
guages of  Europe.  Printed  line  for  line  in  English,  French,  Italian,  Spanish, 
and  German.  By  CAROLINE  WARD.  Bound  and  gilt,  3s.  Gd. 


The  LITTLE  BRACKEN  BURNERS,  a Tale;  and 

LITTLE  MARY’S  FOUR  SATURDAYS.  By  LADY  CALLCOTT. 
With  Frontispiece  from  a Drawing  by  Sir  Augustus  Callcott,  R.A  . 3s. 


WHAT  IS  A VOLTAIC  BATTERY?  By  Miss 

R.  M.  ZORNLIN,  Author  of  Recreations  in  Physical  Geography,  S^c,  2s.  Co?. 
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©gclopetria, 

a Comprehensive  Digest  of  the  Civil  and  Natural  History,  Geography,  Sta- 
tistics, and  General  Literary  Information,  connected  with  the  Sacred  Writings; 
illustrated  by  Several  Hundi'ed  Cuts. 

Published  Monthly,  and  to  he  completed  in  Thirty  Parts,  (of  which 
Twenty-eight  are  out)  forming  two  Volumes,  the  first  of  which  may  now  he, 
had,  price  25s.  The  concluding  Volume  will  be  ready  in  January,  1843. 


Bifile  iMapsi; 

a Series  of  New  and  Accurate  Maps,  constnicted  on  the  best  Authorities,  and 
verified  by  collation  with  the  Discoveries  of  Modern  Travellers;  fonning  a 
complete  Historical  and  Descriptive  Atlas  of  Scripture  Geography.  By. 
WILLIAM  HUGHES,  F.R.G.S.  SmaU  Folio,  7s.  Gd.,  coloured,  and  bound. 


Original  ^[Familg  5ermott0> 

Contributed  by  upwards  of  One  Hundred  and  Fiety  Cotemporary  Divines  of 
the  Established  Church  ; and  published  under  the  direction  of  Tlie  Committee 
of  General  Literature  and  Education  of  the  Society  for  Promoting  Christian 
Knowledge.  Five  V olumes,  at  6s.  6c?.  each. 


Scriptural  Brcfiiatc^; 

SHORT  COMPENDIUMS  of  SCRIPTURAL  INSTRUCTION,  according 
to  the  DOCTRINES  and  DISCIPLINE  of  the  UNITED 
CHURCH  of  ENGLAND  and  IRELAND. 

These  Breviates  are  strictly  applicable  to  all  the  purposes  for  which  Tracts 
are  generally  employed,  while,  from  their  uniform  orthodoxy,  and  the  progres- 
sive style  of  their  contents,  they  will  be  found  greatly  to  assist  the  Parochial 
Clergy  in  their  visitations  and  ministry.  Several  of  the  Classes,  into  which  the 
Series  is  divided,  will  also  be  found  highly  useful  in  National  and  other 
Schools,  where  they  may  be  used  as  class  books,  and  afterwards  presented 
to  the  children  or  their  parents,  at  very  little  expence. 

The  two  following  Classes  are  already  published,  and  others  of  the  Series 
are  prepaifing  for  the  press. 

An  INTRODUCTORY  MANUAL  to  the  READ- 
ING and  STUDY  of  the  HOLY  SCRIPTURES;  comprised  in  one  hundred 
Numbers  of  the  Scriptural  Breviates,  and  foi-ming  Class  A,  of  the  Series. 
Price  4s.  bound  in  a Volume,  or  the  hundred  Breviates  for  distribution,  3s. 

SHORT  COMPENDIUMS  of  FAITH  and  PRAC- 
TICE for  the  SICK ; comprised  in  fifty  Numbers  of  the  Scriptural  Brevi- 
ates, fonning  Class  K.  of  the  Series.  Price  2s.  bound  in  a Volume,  or  the 
fifty  Breviates  for  distribution,  Is. 


til)  ^utDoritin 


OFFICIAL  INFORMATION  on  CHARITIES. 

ANALYTICAL  DIGESTS  of  the  REPORTS  made  hy  the  COMMISSIONERS 
of  INQUIRY  into  CHARITIES,  containing  Digests  of  Reports  on  Charities 
for  Distribution  amongst  the  Poor;  Grammar  Schools;  Schools  not  Classical; 
and  Charities  for  Education  not  attached  to  Endowed  Schools. 

Arranged  in  Counties  from  the  Returns  presented  to  both  Houses  of 
Parliament,  by  Command  of  Her  Majesty,  and  Issued  in  a detached  Form, 
with  a View  to  Local  Chculation,  at  the  following  Prices : — 


Bedford 0 

Berks 1 

Buckingham 1 

Cambridge 1 

Chester  1 

Cornwall  0 

Cumberland  1 

Derby 1 

Devon  2 

Dorset  1 

Durham 1 

Essex 2 

Gloucester 1 

Hereford  1 

Hertford 1 

Huntingdon  0 

Kent  2 


d. 

9 

6 

0 

0 

« 

9 

0 

6 

0 

0 

0 

0 

C 

0 

0 

9 

0 


s.  d. 

Lancaster  2 6 

Leicester  1 C 

Lincoln  2 G 

Middlesex,  inclu-1^  g 
ding  London  ...J 

Monmouth 0 9 

Norfolk  2 0 

Northampton 1 G 

Northumberland..  0 9 

Nottingham  1 0 

Oxford  1 G 

Rutland 0 9 

Salop  1 G 

Somerset,  inelu-lj,  « 
ding  Bristol  ...J" 

Southampton 1 0 

Stafford  2 0 

Suffolk  2 0 


s.  d. 

Surrey,  including! , « 

Southwark j 

Sussex  1 0 

Warwick  1 G 

Westmoreland  ...  1 0 

Wilts 1 G 

Worcester 1 C 

Y ork.  East  Riding  1 G 
,,  North  ,,  1 G 

„ West  ,,3  0 

North  Wales' 2 0 

South  Wales 1 G 

General  Chari  ties,  ] 
and  Summaries 
of  the  whole  of  >0  9 
theCharity  Pro- 
perty & Income  J 


To  be  Published  early  in  1843. 


IMINUTES  of  the  COMMITTEE  of  COUNCIL  on 

EDUCATION ; for  the  years  1841-2.  Also,  THE  MINUTES  for  the  years 
1839-40,  and  1840-41 ; with  APPENDICES.  3^.  Qd.  each. 


lElnhei-  tlje  Sanction  of  tljc  Committee  of  Coimcil  on  CtiucattoiT. 


WILHEM’S  METHOD  OF  TEACHING  SINGING  ADAPTED 
TO  ENGLISH  USE  B Y JOHN  HULL  AH. 


The  Manual.  Parts  I.  and  II., 

2s.  (W.  each ; or  the  Two  Parts  bound  together 
in  cloth,  6s. 

The  Exercises  and  Figures  for 

the  Use  of  Pupils.  Tliree  Books,  Od.  each. 

Hullah’s  Large  Sheets,  con- 


taining the  Exercises  and  Figiiro.s  in  bold 
Characters  on  Sheets  Three  Feet  Six  inches 
long.  Ten  Parcels  of  Ten  Sheot.s  each  (Nos.  I. 
to  X.;  XI.  to  XX.;  XXI.  to  XXX.,  &c  ),  price 
7s.  Gd.  per  Parcel. 

Singing  Tablets  for  Elementary 

Schools.  I’rice,  Sheets,  10s.;  Mounted  on 
Millboard,  25s. ; in  Box,  complete,  30s. 


MULHA  USERS  METHOD  OF  TEACHING  WRITING, 
ADAPTED  TO  ENGLISH  USE. 

The  Manual  of  Writing,  with  1 Writing  Models;  the  Set, 


Forty  Model  Plates,  2s.  Gd 


consisting  of  Forty  Models,  Od. 
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PART  MUSIC,  edited  by  JOHN  HULLAH; 

Published  Monthly  in  Classes  suited  to  various  qualities  of  Voice,  and  each  of 
the  Monthly  Numbers  containing  an  equal  portion  of  Sacred  and  of  Secular 
Pieces. 

Class  A.  is  for  Four  Voices  (Soprano,  Alto,  Tenor,  and  Bass).  This  Class  is 
published  in  Score,  at  2s.  Gd.  per  Number,  and  each  of  the  Separate  Voice  Parts 
at  8d.  per  Number.  The  first  Six  Numbers  (also  to  be  had  separately  at  2s.  Gd. 
each)  form  Two  Volumes,  one  of  Sackkd  Pieces,  and  one  of  Secular,  either 
of  which  Volumes  may  be  had  handsomely  bound,  at  9s.  per  Volume,  and 
either  of  the  Separate  Voice  Parts  to  the  respective  Volumes,  at  8s.  each. 
No.  VII.  of  this  Series  will  appear  on  the  1st  of  January,  1843,  to  be  conti- 
nued on  the  1st  of  every  alternate  Month. 

Class  B.  contains  Music  in  Score,  for  the  Voices  of  Women  and  Children. 

Class  C.  consists  of  Music  in  Score  for  the  Voices  of  Men.  ' 

Each  Number  of  the  Classes,  B.  and  C.,  is  divided  between  Sacred  and 
Secular  Music.  The  publication  of  these  Classes  commenced  on  the  1st 
of  December,  1842,  and  will  be  continued  every  alternate  Month,  price  8rf. 
each. 


SACRED  MINSTRELSY ; a Collection  of  Sacred 

Music  from  the  Finest  Works  of  the  Great  Masters,  British  and  Foreign; 
arranged  as  Solos,  and  Concerted  Pieces,  for  Private  Performance,  with 
Accompaniments  for  the  Piano-Forte.  Two  handsome  Folio  Volumes,  Half- 
bound, Price  Two  Guineas. 


THE  ROYAL  PROGRESS  in  SCOTLAND.  Mr. 

Thomas  Constable,  Printer  to  the  Queen  in  Edinburgh,  having  received 
Her  Majesty’s  Authority  to  publish  a MEMORIAL  of  the  ROYAL  PRO- 
GRESS in  SCOTLAND,  is  preparing  for  publication  an  authentic  and 
detailed  account  of  the  late  Gracious  Visit  to  Scotland,  to  be  Dedicated,  by 
permission,  to  Her  Most  Gracious  Majesty  and  His  Royal  Highness  Prince 
Albert.  The  literary  department  has  been  undertaken  by  Sir  THOilAS 
DICK  LAUDER,  Bart. 

The  Work  will  be  handsomely  printed  in  Quarto,  and  will  contain 
Representations,  external  and  internal,  of  the  various  Palaces  and  Noble 
Residences  which  have  been  honoured  by  the  presence  of  Her  Majesty, 
together  with  delineations  of  all  interesting  scenes,  ceremonial  and  picturesque, 
to  which  the  Royal  Visit  has  given  rise.  The  price  of  the  Volume  will  be  Two 
Guineas,  and  there  will  be  a limited  number  of  Copies  printed  on  Lai'ge  Paper, 
with  Proof  Impressions  of  the  Plates,  price  Four  Guineas. 


London:  JOHN  W.  PARKER,  Publisher,  West  Strand. 

[■■■  


